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FOREWARD 
The s t a f f  of General  Technical  S e r v i c e s  would l i k e  t o  
t ake  t h i s  oppor tun i ty  t o  expres s  t h e i r  deep a p p r e c i a t i o n  of t h e  
r o l e  played by W. F. Barrows of Ames Research Center,  NASA, i n  
t h e  s u c c e s s f u l  implementation of t h i s  p r o j e c t .  
Without h i s  en l igh tened  and i n t e l l i g e n t  guidance and 
cooperat ion and without  h i s  w i l l i n g n e s s  t o  p a r t i c i p a t e  i n  the 
d e s i g n  and debugging phases of t h e  p r o j e c t  a t  t h e  " s h i r t s l e e v e s "  
level, the p r o j e c t  could h a r d l y  have been completed s u c c e s s f u l l y  
w i t h i n  the impossibly s h o r t  t i m e  schedule  and w i t h i n  the budget 
a l l o c a t e d  t o  t h i s  program, 
i i i .  
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EKG 35 HZ, 4000 Microvolt  P-P S igna l  Ke i th l ey  103 72 
i n t o  Tektronix 1A7 (251 K Load) 
Block Diagram - Activ? Primate Simulator  - Follows P. A-16 
Schematic Wiring Diagram - Act ive  Primate 
S imula t o r  - Follows P. A-16 
Connector Diagram - Active Primate  Simulator  
- Follows P. A-16 
S impl i f i ed  Block Diagram of T e s t  System For 
Act ive Primate Simulator  - Follows P. A-16 
Block Diagram: T e s t  System For Act ive  Primate  
Simulator  - Follows P. A-16 
Overa l l  Schematic Diagram For T e s t  System For  Active 
Primate S imul a t o r - Follows P. A-16 
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I. INTRODUCTION: 
This  f i n a l  r e p o r t  covers  t h e  development of an Ac t ive  
Primate Simulator  which has been designed t o  s imula t e  t h e  smell pr imate  
t o  b e  used i n  t h e  30 day B i o s a t e l l i t e  f l i g h t .  The e n t i r e  program was 
on a c ra sh  emergency b a s i s  s i n c e  t h e  schedule a s s o c i a t e d  wi th  i t  
requ i r ed  completion by June 30, 1967. I n i t i a l  conversat ions w i t h  t h e  
sponsor (Nat ional  Aeronautics and Space Adminis t ra t ion,  B i o s a t e l l i t e  
P r o j e c t )  began du r ing  t h e  f i r s t  week c?f A p r i l ,  1967, and a c o n t r a c t  
was signed on o r  about May 23, 1967. The f i r s t  prototype was completed 
June 30, 1967 and was d e l i v e r e d  t o  A m e s  Research Center on J u l y  5 ,  1967, 
t h e  f i r s t  working day a f t e r  June 30. I n i t i a l  t e s t i n g  and e v a l u a t i o n  were 
performed a t  Ames  Research Center by M r .  W. F. Barrows as a r e s u l t  of 
which changes were incorporated i n  t h e  f i n a l  prototype.  
The f i n a l  Active Primate Simulator was de l ive red  t o  A m e s  a long 
wi th  t h e  tes t  system (AGE) on August 2,  1967, The Act ive Primate 
S imula to r  and t h e  Tes t  System f o r  t he  Active Primate Simulator  was tes ted 
and accepted a t  Ames  Research Center a t  t h a t  time. The equipment was 
then  delivered to t h e  B i o s a t e l l i t e  P ro jec t ,  General  E l e c t r i c  Company, 
3198 Chestnut  Street ,  P h i l a d e l p h i a ,  Pa., on o r  about August 15, 1967. 
A f t e r  several months of t e s t i n g  and use  a t  t h e  General 
E lec t r ic  f a c i l i t y ,  t h e  second model of t h e  Ac t ive  Primate Simulator ,  
c o n t a i n i n g  a number of ref inements  and improvements was d e l i v e r e d  on 
November 17, 1967. Since November, 1967, a number of a d d i t i o n a l  r e f i n e -  
ments were inco rpora t ed  i n  both s imula to r s  and i n  t h e  Test System (AGE) 
t o  conform wi th  G.E. - NASA s p e c i f i c a t i o n s  which had n o t  been f i n a l i z e d  
a t  t h e  t i m e  of i n i t i a t i o n  of t he  p r o j e c t  and t o  provide f o r  easier 
m a i n t a i n a b i l i t y .  Changes were made t o  in su re  i n t e r c h a n g e a b i l i t y  of 
b a t t e r y  packs between Unit # l  and Unit 8 2  and t o  s impl i fy  removal of a 
d i scha rged  b a t t e r y  pack and replacement with a f r e s h l y  charged b a t t e r y  
pack. S i n c e  each s imula to r  has  a s p a r e  b a t t e r y  pack a s s o c i a t e d  wi th  i t ,  
a t o t a l  of 4 b a t t e r y  packs were suppl ied wi th  t h e  two s imula to r s ,  t hus  
p r o v i d i n g  a s u f f i c i e n t  back up b a t t e r y  c a p a b i l i t y  f o r  long time d u r a t i o n  
t e s t  schedules .  
Th i s  r e p o r t  d e s c r i b e s  the f i n a l  s p e c i f i c a t i o n  which 
formed t h e  b a s i s  of t h e  work s ta tement ,  t h e  s i g n i f i c a n t  design problems 
and t h e  t e c h n i c a l  approach used i n  t h e  s o l u t i o n  of t h e s e  problems. 
The d e s c r i p t i o n  of t h e  Active Primate Simulator  system 
Test r e s u l t s  and and i t s  a s s o c i a t e d  T e s t  System (AGE) is t hen  covered. 
o p e r a t i n g  experience t o  d a t e  a r e  a l s o  included. 
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11. DISCUSSION OF SPECIFICATION 
The original work statement for the project coneisted of NASA 
Document NO. 883-11-14, entitled, "PROJECT BIOSATELLITE - FINAL SPECIFI- 
CATION FOR ACTIVE PRIMATE SIMULATORS", Rev. 1, March 1967. 
course of the project, this specification was supplanted by GTS Rev. 2, 
dated May 3,  1967. 
revisions that have occurred since March, 1967 is dated February 1, 1968. 
The final specification for the Active Primate Simulator can be found in 
Appendix A of this final report. 
During the 
The final specification which contains all the 
The purpose of the Active Primate Simulator is to simulate a 
number of primate physiological parameters and to stimulate the signal 
conditioners interfacing with the primate in the space capsule, 
of documents and drawings form part of the simulator specification. These 
documents and drawings cover the specifications of materials, coatings 
and methods of construction to be used, the various interconnection inter- 
faces, and the geometric constraints applicable to the simulator case 
dimensions. A number of UCLA and USC ddawings are included as well as 
the final GTS Drawings which describe the Active Primate Simulator. 
A number 
Sections 1.0 to 3.5.5 of the subject specifications are all 
fairly standard and have been complied with in a satisfactory manner. 
Section 3 . 6 ,  which covers the performance of the Active 
Primate Simulator deserves some discussion. The electrical requirements 
of the Active Primate Simulator are described in section 3.6  and are 
detailed in Figure 1, Appendix A, entitled, "Active Simulator Electrical 
Requirements". 
The most difficult of the electrical requirements is the EEG 
requirement for a 10 microvolt peak-to-peak sine wave signal having a 
maximum peak-to-peak noise level of 2.5 microvolts. 
of the EEG signal is shown in the circuit diagram in Figure 1, Appendix 
A ,  and consists of two 100,000 ohm resistors, one in each leg of the 
signal output lines. Therefore, the source impedance of the EEG signal 
is 200,000 ohms. 
difficult problem because the high source resistance of the signal gener- 
ates a high Johnson noise level. 
and EM= channels were fairly straightforward 
The source impedance 
Realizing this low noise level is a theoretically 
The electrical requirements of the EOG 
and easy to obtain. 
The GSR and temperature channels consisted of switchable 
networks of precision resistors and were readily realizable. 
The EKG/ZPG channels were also simple to simulate. 
The blood pressure channels consisted of precision resistance 
bridges and again they presented no particular problem. 
In order to insure that the simulator could be fitted within 
the defined envelope provided in the capsule, it was necessary that the 
case of t h e  s i m u l a t o r  should be no g r e a t e r  t han  16 inches by 7 inches 
by 4 inches.  T h i s  imposed a seve re  space problem s i n c e  t h e  o s c i l l a t o r s  
required t o  gene ra t e  t h e  3 s i n u s o i d a l  s i g n a l s  were q u i t e  l a r g e  and s i n c e  
t h e  s imula to r  b a t t e r i e s  were r equ i r ed  t o  o p e r a t e  f o r  a t  least 24 hours 
without  recharging.  The volumetr ic  requirements were d i f f i c u l t  t o  
s a t i s f y .  
s p e c i a l  hand l ing  and t r ea tmen t  t o  meet t h i s  requirement.  
It was necessary t o  use s i l v e r - z i n c  b a t t e r i e s  which r e q u i r e  
The fol lowing a d d i t i o n s  and improvements were inco rpora t ed  
i n  t h e  f i n a l  s imula to r ;  t h e s e  f e a t u r e s ,  which were n o t  c a l l e d  f o r  i n  t h e  
o r i g i n a l  s p e c i f i c a t i o n ,  are being made p a r t  of t h e  f i n a l  s p e c i f i c a t i o n .  
Paragraphs 3.6.1.8 t c  3.6.l.IGcover these changes. These a d d i t i o n s  i n -  
c lude i n c o r p o r a t i o n  of l o w  c u r r e n t  p i l o t  l i g h t s  €or "Power-On" and "Charge 
Cycle" i n d i c a t i o n s ,  e l e c t r i c a l l y  i n t e r l o c k i n g  the  "EowerLBn" and "Charge 
Cycle" switches,  p rov i s ion  f o r  a b a t t e r y  test  switch,  a b a t t e r y  t e s t  
meter, i n t e rchangeab le  plug-in b a t t e r y  packs, an EM1 see- through door f o r  
both EMI s h i e l d i n g  and p r o t e c t i o n  from a c c i d e n t a l  changes o f  t h e  c o n t r o l  
s e t t i n g s ,  a b a t t e r y  c e l l  t es t  connector,  a b a t t e r y  t e s t  connector  and a 
v o l t a g e  r e g u l a t o r  t e s t  connector.  
The o p e r a t i n g  s e r v i c e  condi t ions l i s t e d  i n  paragraphs 3.7  a r e  
q u i t e  modest and o f f e r  no problems. The non-operating s e r v i c e  condi- 
t i o n s  (par.3.8) were a l s o  compatible w i t h  t h e  a c t i v e  pr imate  s i m u l a t o r  
performance c a p a b i l i t y  f o r  t h e s e  condi t ions.  
The des ign  of t h e  s imula to r  w i l l  enab le  it t o  meet t h e  
r equ i r ed  g o a l  of 2,000 hours  l i f e  w i th  reasonable s e r v i c i n g  and r ep lace -  
ment o f  p a r t s .  High r e l i a b i l i t y  mi l i t a ry  and i n d u s t r i a l  components 
were used throughout.  
The s t o r a g e  l i f e  requirement of 2 yea r s  can be s a t i s f i e d  i f  
t h e  b a t t e r i e s  a r e  s t o r e d  d ry  during t h i s  pe r iod .  
The Ac t ive  Primate  Simulator weighs about 15  pounds, which 
is w e l l  w i t h i n  t h e  30 pound weight l i m i t  s p e c i f i c a t i o n .  
Paragraph 3.10, which covers t h e  AGE requirements ,  was com- 
p l i e d  w i t h  i n  a s a t i s f a c t o r y  manner a s  w i l l  be desc r ibed  i n  a l a t e r  
s e c t i o n  o f  t h i s  r e p o r t .  
(AGE) was designed t o  perform a l l  necessary check-out and c a l i b r a t i o n  
procedures  on t h e  Ac t ive  Primate  Simulator and a l s o  has  t h e  c a p a b i l i t y  
t o  r echa rge  t h e  b a t t e r y  e i t h e r  i n  o r  o u t  of t h e  Simulator .  
The Test System f o r  t h e  Active Primate Simulator  
EMI tes ts  were performed on the  Simulator  by I n t e r f e r e n c e  
Measurements Laboratory of New York C i t y  on June 27, 1967. The f i r s t  
p r o t o t y p e  u n i t  passed t h e s e  tests s a t i s f a c t o r i l y  as  w i l l  b e  evidenced by 
t h e  a t t a c h e d  t e s t  r e p o r t  by t h i s  company. 
The F i n a l  S p e c i f i c a t i o n  f o r  the Active Primate Simulator ,  
Appendix A ,  dated February 1, 1968 thus  becomes t h e  work s ta tement  f o r  
t h e  d e s i g n  and c o n s t r u c t i o n  o f  t heAc t ive  P r i m a t e  Simulator  and i t s  
a s s o c i a t e d  t e s t  equipment. 
111. DISCUSSION OF DESIGN PROBLEMS - TECHNICAL APPRQACH _ _ _ _ - - - ~ - - - - - - - _ _ -  _ _ _ _ _ _  - _ _  ____I 
A. Active Primate Simulator Design Problems. - - - - -  -- - - - - - -- ___ -
1. Low Level Signals - Allowable Electrical Noise Levels. 
The most severe problem encountered in the development of the 
Active Primate Simulator was the specification for the E G  
signal quality. This requirement called for three sinusoidal 
frequencies of 0.5 HZ, 3.0 HZ and 35 HZ of 10 microvolts peqk- 
to-peak amplitude and an allowable noise level of 2.5 micro- 
volts peak-to-peak. The EEG signals have a source impedance 
requirement of 200 ,000  ohms. 
cover a bandwidth of from zero to 35 HZ, it was estimated and 
verified experimentally that the 100 HZ bandwidth instrumenta- 
tion system to be used would provide negligible attenuation 
at 35 HZ. It was also assumed that the noise requirements 
would have to be met over the zero to 100 HZ band. 
Since the 3 generated signals 
The first noise source to be investigated was the thermal agita- 
tion noise or Johnson noise of the 200 ,000  ohm source resistance 
of the EEG signals. The magnitude of the thermal agitation 
noise depends on the resistance across which the noise is 
developed, the absolute temperatulie of the resistance, and the 
bandwidth of the system involved. The well known quantitative 
relations are as follows: 
E (RMS) = 2d-I 
Equation 1 above is the qmantitative relationship for the R W  
value of the voltage developed across the resistance. 
course concerned with the peak-to-peak value of this voltage. 
For a perfect sine wave the peak-to-peak value would be 2 .828  
times the RMS value of the voltage. For wave forms of random 
and arbitrary nature, the peak-to-peak value could be anywhere 
from the value of 2 .823  times the RHS value to as high as 20  
times the RPS value. We have estimated that a good compromise 
for this factor would be 4 times the R t S  value of the voltage. 
Therefore , 
We are of 
E (P-P), = 4 E(=) = a 4-1 (2) 
k = Boltzmann's constant = 1.374 x 10-23 
T = temperature 300' K (room temperature) 
joules/degree K 
R = resistance = 2 0 0 , 0 0 0  ohms 
Substituting these values in equation 2 above, we then get 
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E (P-P) = 2 . 3  x 10 v o l t s  o r  
E (P-P) = 2.3 microvol ts  
The minimum t h e o r e t i c a l  value for t h e  thermal  a g i t a t i o n  
n o i s e  v o l t a g e  f o r  200,000 ohms i s  t h e r e f o r e  2.3 microvo l t s  
peak-to-peak which i s  j u s t  about equal  t o  t h e  2.5 micro- 
v o l t s  peak-to-peak maximun n o i s e  level c a l l e d  f o r  by t h e  
s p e c i f i c a t i o n .  The s p e c i f i c a t i o n  f o r  t h e  Simulator  t h e r e -  
f o r e  ca l l s  f o r  a no i se  l e v e l  c lose  t o  t h e  t h e o r e t i c a l  minimum 
n o i s e  level  and does n o t  a l low no i se  c o n t r i b u t i o n s  from eources  
o t h e r  t h a n  the  source r e s i s t a n c e  of t h e  EEG s i g n a l  gene ra to r s .  
It was t h e  opinion of the NASA p r o j e c t  personnel  t h a t  t h e  
lowest  r e a l i z a b l e  no i se  l e v e l  would be t h a t  approximately equa l  
t o  t h e  n o i s e  s i g n a l  generated by a s h i e l d e d  200,000 w i r e  wound 
r e s i s t a n c e  . 
A 200,000 ohm wire wound r e s i s t a n c e  was placed i n  a small 
s h i e l d e d  enc losu re  with extremely s h o r t  s h i e l d e d  l e a d s  termina- 
t e d  with c o a x i a l  connectors.  This was then used a s  t h e  
s t anda rd  a g a i n s t  which t h e  performance of t h e  Simulator  was 
measured. A s  w i l l  be  seen from d i scuss ions  i n  a l a t e r  s e c t i o n ,  
t h e s e  requirements were m e t  very c l o s e l y  by using extreme c a r e  
i n  t h e  c o n s t r u c t i o n  of t he  shielded enc losu re  f o r  t h e  Simulator  
and i n  t h e  cab l ing  between t h e  enclosure and t h e  measuring 
system. A t 1  measurements had t o  be taken with extreme care. 
The use of unshielded wire and c l i p - l e a d s  were found t o  r e s u l t  
i n  hundreds of microvol ts  of noise.  A l l  t e rmina t ions  and 
connect ions had t o  be made with coax ia l  connectors  and a l l  
c a b l e s  had t o  be cons t ruc t ed  of sh i e lded  cab le .  Great c a r e  was 
necessa ry  with regard t o  grounding procedures .  
2. B a t t e r y  Requirements 
The Act ive Primate Simulator  s p e c i f i c a t i o n  c a l l e d  f o r  a s e l f -  
con ta ined  b a t t e r y  power pack having the  c a p a b i l i t y  of o p e r a t i n g  
t h e  Simulator  cont inuously f o r  a 24 hour pe r iod .  The t o t a l  
c u r r e n t  and v o l t a g e  requirements f o r  t he  Simulator  are approxi- 
mately 0.3 amperes a t  12.0 v o l t s .  Therefore ,  a b a t t e r y  having 
a minimum c a p a c i t y  of 7 .5  ampere hours would be required t o  
o p e r a t e  t h e  Simulator over a 24 hour per iod without i n t e r r u p t i o n  
and without recharging. 
A su rvey  of commercially a v a i l a b l e  b a t t e r i e s  was made and i t  was 
found t h a t  t h e  s i l v e r  z i n c  s to rage  b a t t e r y  was t h e  only type of 
b a t t e r y  capable  of meeting both the watt-hour requirements and 
t h e  volume t e q i i i r e m e n t s  n f  the S l m i ~ l n f ~ r ;  a nlrmfier ef c c ~ s n i e c  
manufacture t h i s  type of b a t t e r y ;  however, t he  E l e c t r i c  S to rage  
B a t t e r y  Company was t h e  only company a b l e  t o  s a t i s f y  our  d e l i v e r y  
schedule .  Therefore ,  t h e  E l e c t r i c  S to rage  B a t t e r y  Company S-7.5 
c e l l  was selected f o r  t h i s  app l i ca t ion .  
S i l v e r  z i n c  b a t t e r i e s  have t o  be handled ve ry  c a r e f u l l y .  The 
- 5 -  
procedures f o r  s to rage ,  charging and d i scha rg ing  must be 
followed r igo rous ly .  
s h e l f  l i f e  r a t i n g  of 6 months a f t e r  f i l l i n g  with e l e c t r o l y t e .  
With r e f r i g e r a t i o n ,  t h e  non-operating s h e l f  l i f e  can be 
extended t o  9 months. 
The ESB S-7.5 b a t t e r y  has  a nominal 
In o r d e r  t o  confirm t h e  publ ished r a t i n g s  of t h e  ESB, S-7.5 
b a t t e r y ,  a tes t  run was made on a b a t t e r y  pack c o n s i s t i n g  of 
5 c e l l s  i n  series with a d i scha rge  c u r r e n t  between 0.35 and 
0.4 amperes. The t o t a l  d i scha rge  t i m e  t o  a p o i n t  where t h e  
vo l t age  began t o  decrease below 7.5 v o l t s  was 30 hours  (1.5 v/cell) .  
Another t e s t  was run on a s i n g l e  c e l l  which had been a c t i v a t e d  
f o r  8 months p r i o r  t o  s u b j e c t  tes t  and had undergone approxima- 
t e l y  30 charge-discharge cyc le s .  This  c e l l  performed sa t i s -  
f a c t o r i l y  f o r  21 hours .  This  was considered t o  be e x c e l l e n t  
performance s i n c e  the  r a t e d  non-operating s h e l f  l i f e  of t h e  
S-7.5 ce l l  i s  only 6 months; t he  c e l l  had not  only exceeded 
r a t ed  non-operating s h e l f  l i f e  by two months b u t  had a l s o  
undergone 30 charge-discharge c y c l e s  during the  8 month per iod.  
The S-7.5 s i l v e r  z i n c  b a t t e r y  h a s  a d i scha rge  c h a r a c t e r i s t i c  
which varies from an i n i t i a l  f u l l y  charged va lue  of 1.8 v o l t s  
to a f i n a l  va lue  of 1 . 5  v o l t s .  The 1.5 v o l t  level i s  reached 
a f t e r  t h e  b a t t e r y  i s  257. discharged.  The c e l l  v o l t a g e  remains 
a t  1.5 v o l t s  f o r  t h e  d u r a t i o n  of t h e  u s e f u l  d i scha rge  cyc le ;  
when t h e  c e l l  v o l t a g e  begins  t o  drop below 1.5 v o l t s  i t  i s  then 
necessary t o  recharge the  b a t t e r y .  
The power supply requirements f o r  t h e  o s c i l l a t o r s  are p l u s  6 
v o l t s  and minus 6 v o l t s .  These v o l t a g e s  must b e  r e g u l a t e d  t o  
a t  l e a s t  f 1%.Two 5 c e l l  b a t t e r y  packs were u t i l i z e d  t o  provide 
these  vo l t ages .  
of 9 volts which decreased t o  7.5 v o l t s  du r ing  t h e  d i scha rge .  
An automatic v o l t  ge r e g u l a t o r  i s  r e q u i r e d  f o r  each b a t t e r y  pack 
so t h a t  a 6 v o l t  - 1% outpu t  i s  provided wh i l e  t h e  i n p u t  v o l t a g e  
v a r i e s  from 9 v o l t s  t o  7.5 v o l t s .  A m i n i a t u r e  automatic  v o l t a g e  
r e g u l a t o r ,  t h e  s u p e r l r e g ,  manufactured by T r i o  L a b o r a t o r i e s ,  
Plainview, New York, w a s  s e l e c t e d  t o  s a t i s f y  t h i s  requirement.  
The T r i o  Labora to r i e s  supe r / r eg  i s  desc r ibed  i n  t h e  fo l lowing  
sec t ion .  
Each b a t t e r y  pack supp l i ed  an i n i t i a l  v o l t a g e  
$ 
3. Automatic Voltage R e n d a t o r  
A market s ea rch  was made t o  o b t a i n  in fo rma t ion  on min ia tu re  au to -  
matic v o l t a g e  r e g u l a t i n g  dev ices  t o  s a t i s f y  t h e  requirement 
descr ibed above. 
The T r i o  L a b o r a t o r i e s '  s u p e r / r e g  dev ice  was s e l e c t e d ;  t h i s  
compact, h e r m e t i c a l l y  sea l ed  u n i t  provided v o l t a g e  r e g u l a t i o n  
t o  b e t t e r  than one p a r t  i n  a thousand o r  f 0.1%. The s u p e r / r e g  
is s i m i l a r  t o  an o r d i n a r y  zene r  diode i n  t h a t  t h e  u n i t  i s  a two 
terminal  device having t h e  a b i l i t y  t o  ma in ta in  a p r e c h e  DC 
vo l t age  acroee i t s  t e r m i n a l s  d e s p i t e  wide v a r i a t i o n s  i n  t h e  v o l t a g e  
appl ied t o  i t .  Unlike t h e  o r d i n a r y  zene r ,  t h e  s u p e r / r e g  permite  
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+ adjustment of i t s  r egu la t ed  ou tpu t  v o l t a g e  ove r  a - 10% range about 
t h e  nominal v o l t a g e  va lue ,  without  d e r a t i n g  o r  degrading i t s  chara- 
c t e r i s t i c s .  The device has almost n e g l i g i b l e  z e n e r  impedance and 
i s  roughly 100 times more immune than convent ional  zeners  t o  
temperature f l u c t u a t i o n  and s e l f - h e a t i n g  e f f e c t .  The p a r t i c u l a r  
supe r / r eg  s e l e c t e d  f o r  t h i s  a p p l i c a t i o n  r e g u l a t e s  over  a c u r r e n t  
range of 0.01 amperes t o  3 amperes. A v a r i a t i o n  of s e v e r a l  p a r t s  
i n  6,000 was observed when the  load c u r r e n t  was v a r i e d  from t h e  
zero t o  t h e  f u l l  load c u r r e n t  of 0.3 amperes. The u n i t  occupies 
a volume of less than  1 cubic  inch and was e a s i l y  f i t t e d  i n t o  t h e  
s imula to r  package. 
4.  - O s c i i l a t o r s  
One of t h e  major requirements of the Ac t ive  Primate Simulator  was 
t o  provide s i n u s o i d a l  e l e c t r i c a l  s i g n a l s  a t  t h r e e  f r equenc ie s  and 
a t  t h r e e  v o l t a g e  l e v e l s .  The th ree  f r equenc ie s  s p e c i f i e d  a r e :  
0.5 HZ, 3.0 HZ, and 35 HZ. 
It was decided t h a t  i n d i v i d u a l  p lug - in  o s c i l l a t o r s  of t h e  hermet- 
i c a l l y  s e a l e d  type would provide the b e s t  s o l u t i o n  t o  t h i s  problem. 
A number of manufacturers were contacted who manufacture he rme t i ca l ly  
s e a l e d  p lug - in  o s c i l l a t o r s .  O f  the  manufacturers contacted,  only 
one seemed t o  be capable of meeting t h e  volumetr ic  requirements,  
t h e  e l e c t r i c a l  performance requirements and t h e  r equ i r ed  d e l i v e r y  
schedule .  This  manufacturer,  Fork Standards Inc .  of West Chicago, 
I l l i n o i s ,  manufacturers  a l i n e  of temperature-compensated, b i -  
m e t a l l i c  t un ing  fo rk  o s c i l l a t o r s .  Standard,  o f f - t h e - s h e l f  
o s c i l l a t o r s  range i n  frequency from 50 HZ on up. Therefore ,  t he  
f r equenc ie s  r equ i r ed  f o r  the Active Primate  Simulator  c a l l e d  
f o r  a s p e c i a l  development job ;  i n  p a r t i c u l a r  t h e  two lower 
frequency o s c i l l a t o r s  were q u i t e  d i f f i c u l t  t o  des ign  and f a b r i c a t e .  
The approach used by Fork  Standards was a s  fol lows:  
The 0.5 o s c i l l a t o r  was cons t ruc t ed  of two tun ing  fo rks ,  one having 
a r e sonan t  frequency of 800 HZ and the  o t h e r  having a resonant  
frequency o f  804 HZ. These two bas i c  f r equenc ie s  were d iv ided  
down t o  100 HZ and 100.5 HZ. The two lower f r equenc ie s  were then  
s u b t r a c t e d ,  g i v i n g  t h e  d e s i r e d  r e su l t  of 0.5 HZ. 
The 3 H Z  o s c i l l a t o r  was constructed of two tun ing  f o r k  o s c i l l a t o r s  
having n a t u r a l  f r equenc ie s  of 1000 H Z  and 1006 HZ. These two 
f r e q u e n c i e s  were divided down t o  500 HZ and 503 H Z ,  which were then 
s u b t r a c t e d  g iv ing  a r e s u l t a n t  frequency of 3 HZ. 
The 35 HZ o s c i l l a t o r  was constructed of one tun ing  f o r k  having a 
n a t u r a l  frequency of 11-70 HZ; A ffve-st_e? c ! i i ~ i ~ ~ ~ ~  hv -.I +-vc than -.---- 0 - - -  n m r a  
t h e  d e s i r e d  r e s u l t  of 35 HZ. 
S o l i d  s t a t e  a m p l i f i e r  and f i l t e r  c i r c u i t s  were inco rpora t ed  I n  t h e  
o s c i l l a t o r  t o  meet t h e  necessary amplitude and d i s t o r t i o n  requirements.  
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The i n i t i a l  modils of t he  t h r e e  o s c i l l a t o r s  were received i n  
time t o  complete t h e  f i r s t  model o f  the Act ive Primate Simulator .  
During t h e  course of checking ou t  t h e  f i r s t  p ro to type  of t h e  
Simulator ,  a number o f  design d e f e c t s  were observed i n  t h e  
t h r e e  o s c i l l a t o r s .  These design d e f e c t s  are as fol lows:  
a.  It was found t h a t  t he  low l e v e l  EEG channels were 
picking up t h e  b a s i c  tuning fo rk  f r equenc ie s  by in -  
d u c t i v e  coupling. This  problem was solved hy r ep lac ing  
t h e  b r a s s  cases  of t h e  o s c i l l a t o r s  with s t e e l  ca ses  t o  
provide a modest amount of magnetic s h i e l d i n g .  Other 
s t e p s  t h a t  were taken t o  a l l ev ia t e  t h i s  c o n d i t i o n  were 
t h e  e l i m i n a t i o n  of wire wound r e s i s t o r s ,  which were 
a c t i n g  as pick-up c o i l s  and the  r e l o c a t i o n  of t h e  plug-in 
o s c i l l a t o r s  so t h a t  they were as widely sepa ra t ed  as 
p o s s i b l e  from t h e  luu leve l  EEG c i r c u i t s .  A 1/8 inch 
t h i c k  s t e e l  p l a t e ,  i n s e r t e d  between the  p lug - in  
o s c i l l a t o r s  and the  EEG c i r c u i t s  a l s o  g r e a t l y  reduced 
t h i s  i nduc t ive  coupling. 
b. The s p e c i f i c a t i o n s  f o r  t he  Act ive Primate  Simulator  
r e q u i r e  t h r e e  v o l t a g e  amplitude m t p u t s  a t  t h r e e  d i f f e r e n t  
s i g n a l  f r equenc ie s  t o  s imulate  EEG, EOG, E X  and EKG. 
Voltage d i v i d e r  netwarks a r e  used t o  o b t a i n  t h e  t h r e e  
v o l t a g e  amplitudes.  Depending upon t h e  s e t t i n g  of t h e  
v a r i o u s  v o l t a g e  d i v i d e r s  t he  o s c i l l a t o r  o u t p u t s  can 
s e e  a load which might v a r y  from a minimum of 10 K t o  
a maximum of 30 K .  The e a r l y  models of t h e  o s c i l l a t o r s  
were extremely s e n s i t i v e  t o  t h i s  load v a r i a t i o n ;  i t  was 
found t h a t  t h e i r  v o l t a g e  ou tpu t  v a r i e d  a s  much a s  10% as 
t h e  load r e s i s t a n c e  v a r i e d  Erom minimum t o  maximum. 
S ince  t h e  t o l e r a n c e  s p e c i f i c a t i o n  on v o l t a g e  amplitude 
was f 1% t h i s  performance was e n t i r e l y  unacceptable .  
o r d e r  t o  c o r r e c t  t h i s  d i f f i c u l t y ,  e m i t t e r  fo l lower  c i r c u i t s  
were designed and i n s t a l l e d  i n t o  t h e  o s c i l l a t o r  c i r c u i t s .  
This  mod i f i ca t ion  e l imina ted  t h i s  problem completely;  
f u r t h e r  t e s t s  i n d i c a t e d  t h a t  with load v a r i a t i o n  from a 
ninimum of  10 K t o  a maximum of 30 K ,  t h e  ou tpu t  v o l t a g e  
of t he  o s c i l l a t o r s  remained well w i t h i n  t h e  s p e c i f i e d  
t o l e r a n c e  of f 1%. 
I n  
c .  I n  o rde r  t o  o b t a i n  p r c c i s e  f i n a l  adjustment  of t h e  
anplitudc of t h e  o s c i l l a t o r  o u t p u t s ,  i t  was necessary t o  
have t h e  manufacturer i n s t a l l  adjustment  c o n t r o l s  i n t o  
t h e  o s c i l l a t o r s  t h a t  were a c c e s s i b i e  from t h e  o u t s i d e  of 
t h e  s t e e l  c a s e s .  
A f t e r  t h e s e  va.:ious changes were made, t h e  h e r m e t i c a l l y  
sea l ed  p lug - in ,  t un ing  f o r k  o s c i l l a t o r s  performed q u i t e  
s a t i s f a c t o r i l y .  T e s t s  i n d i c a t e d  t o l e r a n c e s  of 0.1% f o r  
frequency s t a b i l i t y ,  1% f o r  amplitude s t a b i l i t y  and less 
than 2% d i s t o r t i o n .  
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5. Shielded Enclosure f o r  Active Primate  Simulator  
During t h e  e a r l y  phases of t h e  Act ive Primate  Simulator  
Development Program, t h e r e  was q u i t e  a b i t  of d i s c u s s i o n  
a s  t o  whether t h i s  device was intended t o  b e  a Simulator  
o r  a c a l i b r a t i o n  system. One opinion c a l l e d  f o r  t h e  
development of a completely unshielded dev ice  s i n c e  t h a t  
more n e a r l y  r ep resen ted  the  a c t u a l  cond i t ions  t h a t  e x i s t  i n  
a l i ve  primate.  
Pr imate  Simulator  should r e a l l y  be a c a l i b r a t i o n  device and 
should be a s  h e a v i l y  sh i e lded  as was f e a s i b l e .  A f t e r  con- 
currence from NASA-Ames personnel,  t h e  l a t t e r  approach was 
taken by General Technical Se rv ices ,  Inc. 
The oppos i t e  opinion was t h a t  t h e  Active 
S ince  t h e  EMI s p e c i f i c a t i o n s  were n o t  a v a i l a b l e  a t  t h e  time 
o f  t h e  i n c e p t i o n  of t he  program, i t  was decided t h a t  t h e  b e s t  
p o s s i b l e  s h i e l d i n g  should be provided t h a t  would b e  compatible 
wi th  the  volumetr ic  and weight requirements of t h e  system. 
It was decided t h a t  t h i s  t a s k  should b e  subcontracted t o  one 
o f  t h e  manufacturers who s p e c i a l i z e  i n  t h e  des ign  and con- 
s t r u c t i o n  o f  s h i e l d e d  enclosures .  Technical  Wire Products ,  
Inc.  o f  Cranford, New Je r sey ,  a company which manufacturers 
a l i n e  of s h i e l d i n g  products  under t h e  name of Teckni t ,  was 
s e l e c t e d  f o r  t h i s  t a sk .  
The s h i e l d e d  enc losu re  was constructed of aluminum of 0.050 
i n c h e s  th i ckness  and w a s  p l a t e d  with a conduct ive i r r id i te  
f i n i s h .  
f o r  RFI leakage c o n t r o l .  
was provided due t o  t h e  combination of t h e  aluminum enc losu re  
and t h e  RFI gasket ing.  
EMI gaske t ing  was u t i l i z e d  throughout t o  provide 
A maximum of s h i e l d i n g  e f f e c t i v e n e s s  
The v a r i o u s  switches and c o n t r o l s  t h a t  o p e r a t e  t h e  Act ive 
Primate  Simulator  system are mounted on t h e  f r o n t  panel .  
These switches and c o n t r o l s  and o t h e r  dev ices  on t h e  f r o n t  
p a n e l  can a c t  as e i t h e r  sources  o r  r e c e i v e r s  of EMI. I n  
o r d e r  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  o f  any f r o n t  panel  EM1 
problems, i t  was decided t o  use an EMC g l a s s  door. The see 
and s h i e l d  EMC g l a s s  door was provided wi th  EM1 gaske t ing  t o  
p rov ide  f u r t h e r  EM1 p r o t e c t i o n .  EMC g l a s s  i s  a l a d n a t e d  
p l e x i g l a e  material, having e l e c t r i c a l l y  non-polarized mesh 
laminated between t h e  two P l e x i g l a s  s h e e t s .  The EMC g l a s s  
door provides  a s u i t a b l e  compromise between v i s i b i l i t y  and 
e l ec t r i ca l  s h i e l d i n g .  The EMC glass  is rpproximatdy 90% 
t r a n s p a r e n t  and provides  about 65% of  t h e  s h i e l d i n g  e f f e c t i v e -  
n e s s  of  an a l l  mtnl pn_nel= 
I n  a d d i t i o n  t o  providing EMI sh ie ld ing ,  t h e  EUC glass door 
h a s  t h e  added advantage of mechanically p r o t e c t i n g  t h e  s e n s i t i v e  
c o n t r o l s  and switches on the f r o n t  pane l ,  when t h e  instrument  
i s  being handled. Accidental  changes i n  t h e  s e t t i n g s  of t h e  
v a r i o u s  c o n t r o l s  a r e  minimized by t h e  p r o t e c t i o n  a f fo rded  by 
t h i s  door. 
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6 .  Instrumentation 
As was discussed in a previous section, the Active Primate 
Simulator must generate a 10 microvolt peak-to-peak sinusoidal 
signal with a noise voltage of no greater than 2 . 5  microvolts 
peak-to-peak. One of the most difficult problems encountered 
in this program was obtaining instrumentation capable of meking 
measurements at this low level without introducing noise levels 
of the same order of magnitude as the maximum allowable noise 
level of the Simulator. In order to make adequate measure- 
ments, it is usually necessary to have an instrument which is 
at least 10 times better than the tolerance requirements of 
the parameter to be measured. 
necessary to provide instrumentation that had a noise-level 
of 0.25 microvolts peak-to-peak or less. The instrumentation 
should be capable also of making this measurement over a 
0-100 HZ bandwidth on a signal whose source resistance is 
200 kilohms. This high source resistance provides another 
difficult instrumentation problem. 
On this basis, it would be 
It was not possible to find a commercially available instrument 
that was capable of satisfying these specifications. One low 
level, low-noise amplifier was found that seemed to be suitable 
for this application from the published literature. This 
particular amplifier had a gain adjustable from 200 to 1,000,000 
and advertised a 0.005 microvolt RMS noise-level. Unfortunately, 
these performance characteristics were only applicable over 
the extremely narrow bandwidth of 0.1 HZ to 1 HZ and for signals 
having a source impedance of 100 ohms or less. The noise and 
drift for this particular amplifier approximately doubled for 
each 2,000 ohms of source resistance. 
Since it seemed impossible to completely satisfy this particular 
specification without going into a major research and development 
program far beyond the scope of the contract, it was decided to 
use the best commercially available instrumentation. The two 
instruments selected to satisfy this need were the Tektronlx, 
Model 1A7 low-level plug-in amplifier and the Keithley, Model 103, 
ultra-low noise preamplifier. These instruments do not meet 
the required performance specifications which are believed to 
be beyond the present day state-of-the-art. 
a. 
The type 1A7 is a hi& 
DC Coupled, differential amplifier. 
for use in all Tektronix, 530, 540, 550 and 580 series 
oscilloscopes. 
Tektronix, Type 1A7, Plug-in Amplifier. 
low noise,adjustable bandwidth, 
This unit i8 designed 
The maximum sensitivity of the 1A7 I s  10 microvolts/cm. 
The maximum bandwidth is DC to 500 KHZ; however, the 
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bandwidth adjustment used for  a l l  measurements on 
t h e  Ac t ive  Primate Simulator P r o j e c t  was DC t o  100 HZ. 
The inpu t  no i se  i s  3 . 3  microvol ts  RMS maximum over  t h e  
DC t o  500 KHZ bandwidth. D r i f t  i s  less than  200 micro- 
v o l t s  p e r  hour with ambient temperature  and l i n e  v o l t a g e  
cons t an t ;  temperature d r i f t  i s  less than  150 mic rovo l t s  
p e r  degree C. 
With the inpu t  of the iA7  grounded the wide band itoise 
s i g n a l  was observed t o  be about 20 mic rovo l t s  peak-to- 
peak. With t h e  bandwidth reduced Erom DC - 500 KHZ t o  
DC - 100 HZ, t h e  peak-to-peak n o i s e  s i g n a l s  were reduced 
t o  one t o  two microvol ts .  These no i se  va lues  a r e ,  of 
course,  v e r y  c l o s e  t o  the  s p e c i f i e d  s imula to r  va lues  o f  
2.5 mic rovo l t s  peak-to-peak. Since the  1A7 appeared t o  
be t h e  b e s t  low l e v e l ,  low w i s e  a m p l i f i e r  t h a t  was 
commercially a v a i l a b l e ,  t h i s  u n i t  had t o  be used t o  make 
t h e  necessary s imula to r  measurements. 
b. Ke i th l ey  Model 103 Amplif ier  
The Model 103 Amplif ier  i s  an u l t r a  low m i s e  p r e a m p l i f i e r  
with an a d j u s t a b l e  bandwidth of 0.1 HZ t o  100 KHZ and 
with ga ins  of 100 and 1,000. The a m p l i f i e r  f e a t u r e s  a 
normal and a low no i se  mode of o p e r a t i o n .  I n  t h e  normal 
p o s i t i o n ,  t h e  inpu t  impedance i s  10 megohms. I n  t h e  low 
n o i s e  p o s i t i o n ,  t h e  inpu t  impedance i s  100 K. Since t h e  
Ac t ive  Primate  Simulator generates  200 K source impedance, 
EEG s i g n a l s ,  i t  was necessary t o  work e x c l u s i v e l y  i n  t h e  
normal mode of ope ra t ion ,  s i n c e  t h e  low mise p o s i t i o n  
would p r e s e n t  an overload t o  t h e  s imula to r .  With t h e  i n p u t  
grounded the  n o i s e  s i g n a l  generated by t h e  Model 103 
a m p l i f i e r  was on t h e  o rde r  of 2 t o  3 microvo l t s  peak-to- 
peak. Th i s  va lue  i s  i n  the s p e c i f i e d  range of t h e  maximum 
al lowable n o i s e  l e v e l  of the Active Primate Simulator.and 
t h e r e f o r e  can n o t  r e a l l y  be q u a l i f i e d  as an adequate instrument .  
However, t h e  103 seems t o  b e  t h e  only coaxnercially a v a i l a b l e  
u n i t  whose performance i s  even c l o s e  t o  t h e  r equ i r ed  n o i s e  
levels.  
The Ke i th l ey  Model 103 Amplifier was designed i n t o  t h e  
test  system f o r  the Act ive Primate Simulator  (AGE) i n  o r d e r  
t o  enab le  t h e  u s e r  of t h e  AGE system t o  work with comnonplace 
In rmr/cm o s r i l  loscope a m p l i f i e r s .  The normal p o s i t i o n  wi th  
a g a i n  s e t t i n g  of 1,000 was used e x c l u s i v e l y .  The bandwidth 
s e l e c t e d  was 0.1 HZ t o  100 HZ. 
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B .  Tes t  System f o r  Ac t ive  Primate  Simulator  (AGE) - Design Problems -- 
1. System Philosophy. 
Paragraph 3.10 i n  the  f i n a l  s p e c i f i c a t i o n  s ta tes  t h a t  AGE 
(Aerospace Ground Equipment) s h a l l  be  provided t o  perform 
a l l  necessary  check-out and c a l i b r a t i o n  of t h e  S imula tor  
as def ined  i n  the  s u b j e c t  s p e c i f i c a t i o n .  The AGE should 
be capable  of connect ing t o  a l l  e l e c t r i c a l  S imula tor  
ou tpu t s  and should provide the  necessary  c i r c u i t r y  t o  
make t h e  des i r ed  parameters a v a i l a b l e  t o  s tandard  readout  
equipment such a s  osc i l l o scopes ,  meters ,  e t c .  
The AGE equipment designed and f a b r i c a t e d  by General 
Technical  Se rv ices  meets a l l  t he  requirements  se t  f o r t h  i n  
t h i s  paragraph of t h e  s p e c i f i c a t i o n .  The b a s i c  phi losophy 
was t o  provide a s  much s e l f  a u f f i c i e n c y  as was f e a s i b l e  
i n  t h e  test  system. The only  a d d i t i o n a l  equipment t h a t  
i s  requi red  is  a s tandard  cathode r ay  o s c i l l o s c o p e  wi th  
a 10 mi l l i vo l t / cm s e n s i t i v i t y .  
and c r o s s  checking c a p a b i l i t y  i s  a v 8 i l a b l e  i f  a 10 
microvolt/cm plug- in  a m p l i f i e r  can a l s o  be provided wi th  
the cathode r ay  osc i l l o scope .  
Addi t iona l  c a l i b r a t i o n  
Some of t he  f e a t u r e s  of t h e  Tes t  System f o r  t h e  Active 
Primate S imula tor  a r e  a s  fol lows:  
a .  A high q u a l i t y  d i g i t a l  vo l tme te r  capable  of  
measuring D.C. vo l t ages ,  A C. v o l t a g e s  and 
r e s i s t a n c e  t o  an accuracy ? 0.01% i s  incorpora ted  
i n  t h e  system. 
b. 
incorpora ted  i n  t h e  system t o g e t h e r  wi th  i t s  power 
supply.  This  p e r m i t s  t h e  use of convent iona l  
o s c i l l o s c o p e s  with commonplace 10 mv/cm p lug- in  
a m p l i f i e r s .  
A p r e c i s i o n  u l t r a  low n o i s e  a m p l i f i e r  i s  
c .  A p r e c i s i o n  D.C. power supply,  ope rab le  in 
e i t h e r  a cons t an t  v o l t a g e  o r  a cons t an t  c u r r e n t  mode 
i s  incorpora ted  i n  t h e  system. The D.C. power 
supply provides  power t o  charge t h e  s i lver  z i n c  
s t o r a g e  b a t t e r i e s ,  t o  ene rg ize  t h e  blood p r e s s u r e  
c i r c u i t s  and t o  a c t i v a t e  t h e  64 KHZ and 240 KHZ 
o s c i l l a t o r s  used t o  c a l i b r a t e  t h e  EKG/ZPG CirCUi taV.  
d. A l l  of t h e  above t h r e e  in s t rumen t s  can be  used 
independent ly  a s  g e n e r a l  purpose l a b o r a t o r y  i n s t r u -  
ments by proper  adjustment  of f r o n t  pane l  c o n t r o l s  and 
use o f  the r e a d i l y  a c c e s s i b l e  b inding  p o s t s .  
e .  A completely au tomat ic  charge and d i scha rge  system 
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f o r  s e r v i c i n g  t h e  high energy d e n s i t y  s i l v e r  z i n c  
b a t t e r i e s  i s  incorpora ted  i n  t h e  t e s t  system. 
Silver z inc  b a t t e r i e s  r e q u i r e  ve ry  p r e c i s e l y  con- 
t r o l l e d  charge, d i scharge ,  and s t o r a g e  procedures .  
For example, t h e  charging r a t e  f o r  t h e  7.5 ampere 
hour b a t t e r y  must be  s e t  a t  no g r e a t e r  than  0.5 
amperes. The ind iv idua l  cell v o l t a g e s  must n o t  
exceed 2 .1  v o l t s  during t h e  charging process .  The 
charging process  i s  au tomat i ca l ly  switched o f f  when 
t h e  c e l l  vo l t age  reaches 1.97 t o  2 . 1  v o l t s .  
f .  A s e p a r a t e  b a t t e r y  d i s c h a r g e  f i x t u r e  has  been 
supp l i ed  with the  Tes t  System which allowe each 
i n d i v i d u a l  c e l l  t o  be discharged t o  zero v o l t s  
a t  t h e  proper  c u r r e n t  d i scharge  r a t e .  
g. A high  q u a l i t y ,  low l e v e l ,  swi tch ing  system 
has been provided t o  switch the  va r ious  e l e c t r i c a l  
i n p u t s  and outputs  t o  t h e i r  p roper  read-out  device  
o r  s t i m u l i  sources .  
h. A panel  type vol tmeter  and amneter is incorpor-  
a t e d  t o  cont inuous ly  monitor power supply v o l t a g e  
and c u r r e n t .  The p rec i s ion  d i g i t a l  vo l tmeter  can 
a l s o  be switched i n  t o  v e r i f y  t h e s e  panel  meter 
measurements t o  f 0.01% accuracy and with NIXIE 
d i g i t a l  readout .  The d i g i t a l  vo l tme te r  can a l s o  be  
switched t o  t h e  ind iv idua l  b a t t e r y  cel l  v o l t a g e s  
s o  t h a t  they can be i n d i v i d u a l l y  monitored t o  
i n s u r e  t h a t  a l l  c e l l s  a r e  uniform and t h a t  no i n d i v i -  
dua l  c e l l  vo l t age  exceeds 2 . 1  v o l t s  during charge.  
i. The T e s t  System has been found t o  be completely 
capable  of checking o u t  and c a l i b r a t i n g  a l l  p e r f o r -  
mance func t ions  of the Ac t ive  P r i m a t e  Simulator .  
It has  a l s o  been found t o  be  a u s e f u l  t o o l  i n  de- 
bugging and t r o u b l e  rhoot ing t h e  Active Primate  
Simulator .  The t e s t  system can a l s o  be used a s  a 
gene ra l  purpose labora tory  ins t rument .  
2 .  Low Level Switching System 
Two gene ra l  approaches were cons idered  with regard t o  t h e  
des ign  of  t he  low l e v e l  switching system. The f i r s t  approach 
c a l l e d  f o r  a min ia tu re  low l e v e l ,  s o l i d  s t a t e  a m p l i f i e r  f o r  
each of t h e  i5 channeis chat gene ra t e  iow ievei signals. 
This  approach was c a r e f u l l y  i n v e s t i g a t e d  and subsequent ly  
r e j e c t e d  s i n c e  i t  was found t h a t  a l l  min ia ture ,  comnerc ia l ly  
a v a i l a b l e ,  s o l i d  s t a t e  a m p l i f i e r s  brought t o  our  a t t e n t i o n  
dur ing  t h i s  i n v e s t i g a t i o n  had n o i s e  r a t i n g s  much g r e a t e r  
than  t h e  s p e c i f i e d  2 .5  microvol t  peak-to-peak no i se  level.  
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In fact, even the expensive bench type, low level 
amplifiers such as the Keithley 103 and other low 
level amplifiers of the precision laboratory variety 
cannot provide noise performance better than several 
microvolts peak-to-peak for the source impedance and 
bandwidth conditions specified for the simulator. 
The second approach to this problem was the use of high 
quality, rotary selector switches. It was reasoned 
that a high quality contact with a heavy wiping action 
using precious metal alloys for switch contacts should 
give performance equivalent to or better than the 
miniature connectors that are to be used in the final 
operational system to transmit the low level signals 
from the live primate to the signal conditioning 
amplifiers. 
As a result of a thorough market search, a Leeds and 
Northrup Type 31, sixteen position rotary selector 
switch was chosen for this application. The 16 position 
switch combines a molded acrylonitrile shaft and molded 
alkyd wafers to assure superior mechanical reliability. 
The switch is designed to assure low, stable contact 
resistance of less than 0.001 ohms with contact varia- 
tions of 0.0005 ohms or less. The stationary contacts 
are made of fine silver, and self adjusting, multiple 
leaf brushes are of a durable silver alloy. 
wiping action assures good performance under dry circuit 
conditions. These switches have thermal emf's of less 
than 1 microvolt and a life expectancy of 1,000,000 
operations or greater. The switch action i s  easily 
adjustable from loose to firm operation by means of an 
adjusting screw. The switches are totally enclosed to 
keep out dust and dirt. 
A heavy 
One minor problem was encountered in the use of the 
switches due to the capacitance between switch positions 
which is approximately 2 .0  picofarads. The original 
design of the AGE equipment provided a feature which 
permitted the 2.8 volt peak-to-peak A.C. oscillator 
output signals to be switched to an oscilloscope readout. 
Tho purpose of this feature was to monitor the A.C. 
signals being generated by the three plug-in osci~~atore. 
Low level signals are connected to switch positions adjacent 
to these relatively high level voltage signals. The 2.0 
picofarad coupling capacitance induced a several hundred 
microvolt spurious signal in these adjacent low level 
channels. 
oscillator output measuring capability from the AGE 
unit . 
It was therefore necessary to eliminate the 
Field experience to date has indicated that the elimination 
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3 .  
4 .  
of  t h i s  f e a t u r e  has  not been a t  a l l  c r i t i c a l  and t h a t  
once t h e  o s c i l l a t o r s  a r e  s e t  up and a d j u s t e d  they 
remain s t a b l e .  I n  any case,  i f  t h e  o s c i l l a t o r s  do 
r e q u i r e  adjustment ,  i t  is necessary t o  remove t h e  
back panel  o f  t h e  Simulator t o  make t h e s e  adjustments .  
With the  back panel removed, t h e  o s c i l l a t o r  output  
t e r m i n a l s  a r e  then r e a d i l y  a v a i l a b l e  f o r  monitoring 
on t h e  cathode ray osc i l l o scope .  
A l l  ou r  t es t s  and ope ra t ing  experience t o  d a t e  have 
proven t h a t  t he  s e l e c t i o n  of a s imple , s t r a igh t fo rward  
low l e v e l  switching system was c o r r e c t .  There i s  no 
measureable d i f f e r e n c e  between low l e v e l  EEG s i g n a l s  
observed d i r e c t l y  from t h e  ou tpu t  of t h e  Simulator  t h r u  
sh i e lded  c a b l e s  and high q u a l i t y  BNC connectors  and 
those  s i g n a l s  observed t h r u  t h e  AGE u n i t  and t h e  type 
31 low l e v e l ,  r o t a r y  s e l e c t o r  switch system. We have 
experienced no d i f f i c u l t i e s  with t h e  use of t h i s  low 
l e v e l  switching system. 
Measurements Using t h e  Tektronix 1A7 Low Level Plug-In Amplif ier  -- -
I n  t h i s  mode of ope ra t ion ,  t h e  low l e v e l  s i g n a l s  are 
connected d i r e c t l y  i n t o  the AGE system and a r e  switched 
by means of t h e  low l e v e l  switching system t o  ou tpu t  
t e r m i n a l s  which a r e  connected by s h i e l d e d  c a b l e  t o  t h e  
Tek t ron ix  1A7 a m p l i f i e r .  
encountered using t h i s  technique during the  i n i t i a l  
s t a g e s  o f  t e s t i n g  of the AGE system. These d i f f i -  
c u l t i e s  have been el iminated by us ing  sh ie lded  cab le  
with c o a x i a l  connectors throughout and by r e p a i r i n g  
a number of open s h i e l d  connections i n s i d e  t h e  AGE 
c a b i n e t .  
Considerable d i f f i c u l t y  was 
S p e c i a l  adap te r  c a b l e s  had t o  b e  cons t ruc t ed  wi th  b u i l t  
i n  load r e s i s t a n c e s  t o  in su re  t h a t  each s e l e c t e d  s i g n a l  
was terminated with t h e  proper load r e s i s t a n c e .  The 
use of t h e  1A7 10 microvolt/cm p lug - in  a m p l i f i e r  does 
provide an  e x c e l l e n t  c a l i b r a t i o n  check of t h e  o t h e r  
measuring technique which is desc r ibed  i n  t h e  next  
s e c t i o n .  
AC Measurements Usinp: t h e  Ke i th l ey  103 Low Level Amplif ier  
I n  o r d e r  t o  i n s u r e  t h a t  the AGE system w i l l  be compatible 
with s t anda rd  l abora to ry  o s c i l l o s c o p e s ,  i t  was decided 
t o  i n c o r p o r a t e  a low l e v e l  a m p l i f i e r  i n t o  the  AGE system. 
A s  was p r e v i o u s l y  discussed, t h e  Ke i th l ey  103 Amplif ier  
was s e l e c t e d  f o r  t h i s  a p p l i c a t i o n .  
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Using a ga in  s e t t i n g  of 1000 on the  Kei th ley  103 
Amplif ier ,  i t  is then  poss ib l e  t o  use the  AGE system 
with s tandard  10 mv/cm s e n s i t i v i t y  osc i l l o scopes ;  
t hese  o s c i l l o s c o p e s  a r e  usua l ly  a v a i l a b l e  i n  a l l  
l a b o r a t o r i e s .  
i n  Sec t ion  3 above, e l i m i n a t e s  the  need f o r  t h e  Kei th ley  
103; however, 1A7 Ampl i f ie rs  a r e  g e n e r a l l y  no t  a v a i l -  
a b l e  i n  most l a b o r a t o r i e s .  For t h i s  reason, t h e  
Kei th ley  103 Ampl i f ie r  was designed i n t o  t h e  AGE system; 
t h i s  w i l l  enhance t h e  gene ra l  purpose c a p a b i l i t y  of t h e  
T e s t  System. 
The Tektronix 1A7 Ampl i f ie r  d i scussed  
5 .  D.C. Voltaue,  A.C. Vol tage,  Res is tance  and Impedance Measurements 
a .  D.C. Voltage Measurements 
It is necessary t o  make a number of  D.C. vo l t age  measure- 
ments t o  s a t i s f y  a l l  t h e  performance requirements  of t h e  
Act ive  Primate  Simulator  and i t s  a s s o c i a t e d  T e s t  System. 
The d i g i t a l  vo l tme te r  which forms p a r t  of t h e  AGE system 
can be manually switched t o  make a l l  of  t h e s e  measurements; 
s e v e r a l  panel  type meters a r e  a l s o  included t o  c o n t i n u a l l y  
monitor b a t t e r y  vo l t age  and b a t t e r y  c u r r e n t  dur ing  t h e  
b a t t e r y  charging mode. D.C. measurements a r e  r equ i r ed  
f o r  t h e  fo l lowing  t a sks :  
(1) 
output  t o  11 v o l t s  D.C. t o  a c t u a t e  t h e  blood p res su re  
c i r c u i t s .  
Adjustment of t h e  v o l t a g e  of t h e  power supply 
(2 )  Adjustment of t h e  D.C. power supply t o  1 2  v o l t s  
D.C. t o  provide D.C. power t o  t h e  two p lug- in  
o s c i l l a t o r s  (64  KHZ and 240 KHZ) which a r e  used t o  
measure and c a l i b r a t e  t he  ZPG c i r c u i t r y .  
(3) 
c i r c u i t s .  
Measurement of  t h e  output  of t h e  v o l t a g e  r e g u l a t o r  
( 4 )  Measurement of t h e  D.C. v o l t a g e  and D.C. c u r r e n t  
dur ing  t h e  b a t t e r y  charg ing  mode. 
( 5 )  Measurement of t h e  i n d i v i d u a l  b a t t e r y  c e l l  v o l t a g e s .  
(6) 
p re s su re  c i r c u i t s .  
Measurement of t h e  output  v o l t a g e  of  t h e  blood 
b e  A.C. Vol tage Measurements 
The A. C. reasurement  c a p a b i l i t y  of t h e  AGE system is used 
f o r  t h e  measurement of t h e  ou tpu t  v o l t a g e  and c u r r e n t  of 
t h e  60 HZ supply,  t he  64 KHZ supply and t h e  240 KHZ supply.  
These A.C. measurements a r e  necessary  t o  c a l i b r a t e  t h e  ZPG 
c i r c u i t .  
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c.  Res i s t ance  Measurements 
The r e s i s t a n c e  measuring c a p a b i l i t y  is u t i l i z e d  t o  
check ou t  t h e  temperature c i r c u i t s  and t h e  GSR c i r c u i t .  
These c i r c u i t s  a r e  switchable p r e c i s i o n  r e s i s t o r  networks. 
The r e s i s t a n c e  measurement c a p a b i l i t y  is a l s o  used t o  
check the  source r e s i s t a n c e  of t h e  EEG c i r c u i t s ,  t h e  EOG 
c i r c u i t s ,  t h e  EMG c i r c u i t s ,  t h e  EKG/ZPG c i r c u i t s  and t h e  
s i x  blood p res su re  c i r c u i t s ,  The a b i l i t y  t o  make t h e s e  
measurements t o  a p r e c i s i o n  of 0.011. has  been inva luab le  
f o r  t r o u b l e  shoot ing and debugging. The d i g i t a l  v o l t m e t e r  
is t h e r e f o r e  used a s  a general  purpose t o o l  f o r  performing 
f a u l t  i s o l a t i o n  of t h e  s imulator .  
d. Impedance Measurements 
When c a l i b r a t i n g  t h e  Ac t ive  P r i m a t e  Simulator  i t  is 
necessary t o  measure t h e  A.C. impedance of t h e  ZPG 
c i r c u i t .  This  impedance value is determined by means 
of t h e  60 HZ, 64 KHZ, and 240 KHZ c u r r e n t  and v o l t a g e  
measurements. The ZPG impedance parameters  can b e  
determined from t h e s e  measurements by c a l c u l a t i o n .  
The impedance of t he  ZPG c i r c u i t  a t  240 KHZ is approxi- 
mately 250 ohms, The RZ r e s i s t a n c e  which i s  p a r t  of t h i s  
impedance is changed by means of a pushbutton switch from 
0 t o  10 ohms o r  0 t o  20 ohms dur ing  normal s imula to r  use,  
The 10 ohms and 20 ohm values  must be measureable t o  f 2% 
of  t h e s e  va lues .  To r e a l i z e  t h i s  accuracy, it i s  necessary 
t o  measure t h e  o v e r a l l  ZPG impedance a t  240 KHZ t o  an 
accuracy o f  * 0.2 ohms f o r  t h e  10 ohm change and t o  f 0.4 
ohms f o r  t h e  20 ohm change. Therefore ,  an  A.C. measure- 
ment accuracy of a t  l e a s t  f 0.1% is r equ i r ed .  The Dana 
d i g i t a l  vo l tme te r  is capable o f  providing t h i s  p r e c i s i o n  
f o r  A.C. measurements. Measurements made with t h e  Dana 
d i g i t a l  vo l tme te r  a t  240 KHZ f o r  RZ v a l u e s  of 0, 10 ohms, 
and 20 ohms i n d i c a t e  good c o r r e l a t i o n  with r e s u l t s  
obtained by independent measurements o f  t h e  10 ohm and 
20 ohm r e s i s t a n c e s .  
6. B a t t e r y  Charge and Discharge Funct ions 
An automatic  b a t t e r y  charging c i r c u i t  was inco rpora t ed  i n t o  t h e  
AGE system. The b a t t e r y  charging c i r c u i t  con ta ins  an a d j u s t a b l e  
p r e c i s i o n  D.C. power supply which can o p e r a t e  i n  e i t h e r  a c o n s t a n t  
c u r r e n t  or cliiioteiit vo?tegc =de sr?d P meter r ~ l n y  with addue tab le  
h i g h  and low c u t - o f f  c o n t a c t s .  The two b a t t e r y  packs a r e  charged 
i n  s e r i e s  and t h e  meter r e l a y  is set  t o  i n t e r r u p t  t he  charging 
p rocess  a t  20 v o l t s .  This  r e s u l t s  i n  an average c e l l  v o l t a g e  of 
2.0 v o l t s .  This va lue  is s l i g h t l y  below t h e  2.1 v o l t a  p e r  c e l l  
which is t h e  maximum al lowable c e l l  v o l t a g e  f o r  t h e  S-7.5 b a t t e r y .  
It is necessa ry  t o  d i scon t inue  charging a t  t h i s  po in t  t o  a l low f o r  
minor c e l l  v o l t a g e  v a r i a t i o n s .  
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I V  . 
An automatic b a t t e r y  discharging c i r c u i t  was a l s o  included 
i n  the  AGE system but  i t  was found t h a t  the need f o r  the 
discharge f ea tu re  disappeared when the b a t t e r y  discharge 
f i x t u r e  was constructed.  
The ba t t e ry  discharge f i x t u r e  cons is t s  of ten 0.5 ohm 
r e s i s t o r s  i n  s e r i e s ,  each of which is  connected across  an 
individual c e l l .  This i s  a simple, inexpensive device and 
provides the  added advantage of r e l i ev ing  the  AGE system f o r  
o ther  service when b a t t e r i e s  are being subjected t o  a l e t  down 
discharge which i s  necessary p r i o r  t o  storage.  
DESCRIPTION_ O_FACTIVE PRIMATE SIMUIATOR SYSTEM- 
A. Block D i q r a m  - Active Primate Simulator - GTS9008 - _ -  ~ - .  -- .- - .  .__ - _ _ - ~ ~ - .  
1. Battery and Associated C i rcu i t ry  
The ba t t e ry  and associated c i r c u i t r y  produce two nominal voltages,  
plus 7.5 v o l t s  and minus 7.5 v o l t s .  
and vary from an  i n i t i a l  value o f  9 v o l t s  toa f i n a l  value of 7.5 
vo l t s .  The power on switch, the power ind ica to r  lamp and access 
points t o  the  ind iv idua l  b a t t e r y  c e l l s  complete t h i s  s ec t ion  of 
the  c i r c u i t .  
These vol tages  are unregulated 
2. Battery Test  C i rcu i t  
The ba t t e ry  t e s t  c i r c u i t  cons i s t s  of a spr ing  r e tu rn  t o  center ,  
double pole,  double throw switch which places  a 0.5 ampere load 
across each of the  7.5 v o l t  b a t t e r y  packs. A b a t t e r y  t e s t  meter 
is a l so  provided with the "operate" l i m i t s  and "recharge" l i m i t s  
indicated on the meter face. The spr ing r e tu rn  t o  center  switch 
prevents the  operator  from accident ly  leaving the b a t t e r y  t e s t  
c i r c u i t  ac t iva t ed ;  t h i s  would discharge the  ba t t e ry .  
3. Battery Charging and Discharging C i r c u i t  
The Battery Charging and Discharging c i r c u i t  cons i s t s  of an input 
connector t o  the ba t t e ry ,  a switch t o  connect the  b a t t e r i e s  t o  
the  charger input connector and a p i l o t  l i g h t  t o  ind ica t e  t h a t  
the ba t t e ry  i s  being charged. 
The charging switch i s  inter locked t o  prevent b a t t e r y  power from 
being applied t o  the Simulator while t he  charging c i r c u i t  i s  i n  
operation, 
4 .  Voltage Regulator C i r c u i t s  
The voltage regulator  c i r c u i t s  c o n s i s t s  of  Two T r i o  Laborator ies  
superlreg two terminal devices which provide + 6 v o l t s  and - 6 
v o l t s  t o  the o s c i l l a t o r  package. 
5. Osc i l l a to r  Package 
The o s c i l l a t o r  package c o n s i s t s  of the  t h r e e  plug-in o s c i l l a t o r s  
which supply frequencies of 0.5 HZ, 3.0 HZ and 35 HZ. 
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6. Grounding System 81 
Grounding system #l permits  t h e  common l ead  of t h e  o s c i l l a t o r  
packages t o  be r e tu rned  t o  e i t h e r  case ground o r  t o  a t e rmina l  
which can be connected t o  an e x t e r n a l  ground of t h e  u s e r ' s  
choice.  Grounding system #l also has  t h e  c a p a b i l i t y  of i n s e r t -  
i n g  v a r i o u s  v a l u e s  of r e s i s t a n c e  between t h e  common and s e l e c t e d  
ground (0 ohms, 1,000 ohms, 10,000 ohms, and 50,000 ohms). 
7. Frequency Controls  
The frequency c o n t r o l s  c o n s i s t  of a system of s e l e c t o r  switches 
which permit  any one o f  t h e  th ree  f r equenc ie s  t o  be s e l e c t e d  f o r  
any one of t h e  fou r  groups of output channels  
8. Amplitude Controls  
The amplitude c o n t r o l s  c o n s i s t  of a system of s e l e c t o r  switches 
designed t o  switch any one of three v o l t a g e  amplitudes t o  each of 
t h e  fou r  groups of c i r c u i t s .  
9. EEG C i r c u i t s  
There a r e  t e n  channels of EEG s i g n a l s ,  a l l  ope ra t ed  i n  p a r a l l e l .  
10. EOG C i r c u i t s  
There a r e  two channels of EOG c i r c u i t s  ope ra t ed  i n  p a r a l l e l .  
11. Em; C i r c u i t s  
There are t w o  channels of Em c i r c u i t s  operated i n  p a r a l l e l .  
1 2 .  EKG and ZPG C i r c u i t  
There i s  one combined EKG/ZPG C i r c u i t  
13. ZPG Con t ro l s  
The ZPG Con t ro l s  c o n s i s t  of a switch f o r  a d j u s t i n g  t h e  Rz va lue  
t o  e i t h e r  10 ohms o r  20 ohms and a s h o r t i n g  push-button t o  s h o r t -  
c i r c u i t  e i t h e r  t h e  10 ohm o r  the 20 ohm va lue  of Rz. 
14. Grounding System # 3  
Grounding System 8 3  c o n s i s t s  of t h e  ground c i r c u i t s  f o r  t h e  s h i e l d s  
i n  t h e  head cabie and t h e  head conilectcr. 
15. Grounding System 8 2  
Grounding System #2  i s  concerned w i t h  t h e  grounding of t h e  s h i e l d s  
i n  t h e  body l e a d s  cab le .  
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16. Blood P r e s s u r e  C i r c u i t s  
There are 6 channels of blood p res su re  c i r c u i t s .  
p re s su re  c i r c u i t s  c o n s i s t  p r i m a r i l y  of D.C. e x c i t e d  r e s i s t a n c e  
networks . 
The blood 
17 .  GSR C i r c u i t  
There i s  a s i n g l e  GSR c i r c u i t  which c o n s i s t s  of t h r e e  p r e c i s i o n  
r e s i s t a n c e  va lues  each of which can be s e l e c t e d  by a r o t a r y  
s e l e c t o r  switch.  
18. Temperature C i r c u i t s  
There a r e  two temperature c i r c u i t s ,  each c o n s i s t i n g  of a t h r e e  
p r e c i s i o n  r e s i s t o r  network, s e l e c t a b l e  by a r o t a r y  s e l e c t o r  switch.  
B. Schematic Wiring Diagram - Active Primate Simulator  - GTS9009 
The Active Primate Simulator  C i r c u i t r y  w i l l  be desc r ibed  i n  d e t a i l  i n  
t h i s  s e c t i o n :  The c i r c u i t  schematic i s  shown i n  Drawing GTS9009. 
1. Battery and Associated C i r c u i t r y  
This  s e c t i o n  c o n s i s t s  of t h e  two 5 c e l l  b a t t e r y  packs,  B 1  and B2 .  
Each i n d i v i d u a l  b a t t e r y  v o l t a g e  i s  a c c e s s i b l e  through connectors  
JJlO and J J 9 .  J J 9  i s  connected t o  t h e  b a t t e r y  when t h e  cha rge r  
switch, S2  i s  turned on. This  accounts for a l l  b a t t e r y  t e r m i n a l s ,  
with t h e  excep t ion  of t h e  Cornson, which is  a v a i l a b l e  a t  a number 
of convenient access  p o i n t s .  Two f u s e s  F1 and F2 p r o t e c t  t h e  
b a t t e r y  and i t s  a s s o c i a t e d  c i r c u i t s  from a c c i d e n t i a l  s h o r t  
c i r c u i t s .  
case,  can be e a s i l y  removed from t h e  Simulator  by d i sconnec t ing  
connectors JJll and 5512. 
The b a t t e r y  pack which i s  mounted i n  a s t a i n l e s s  s t ee l  
2 .  Battery Test C i r c u i t  
The B a t t e r y  T e s t  C i r c u i t  c o n s i s t s  of a s p r i n g  r e t u r n  t o  c e n t e r  double 
pole,  double throw switch,  a 0 t o  10 v o l t  D.C. meter and a 15 ohm 
load r e s i s t o r .  The b a t t e r y  t es t  switch,  S3 i s  set  t o  one p o s i t i o n  
to  t e s t  t h e  p o s i t i v e  b a t t e r y  and t o  t h e  o t h e r  p o s i t i o n  t o  t e s t  t h e  
negat ive b a t t e r y .  The 15  ohm load r e s i s t o r ,  R1,  p l a c e s  a 0.5 awere 
d ra in  on t h e  b a t t e r y  when t h e  b a t t e r y  v o l t a g e  i s  a t  i t s  nominal 
vol tage of 7.5 v o l t s  and a p r o p o r t i o n a t e l y  h i g h e r  c u r r e n t  d r a i n  
f o r  a f r e s h l y  charged b a t t e r y .  
supplied by t h e  b a t t e r y  i s  of t h e  o r d e r  of 0.3 amperes, t h e  t e s t  
procedure i s  on t h e  c o n s e r v a t i v e  s i d e .  Meter M 1 ,  t h e  0 t o  10 v o l t  
D.C. vol tmeter  has  a red zone f o r  t h e  "recharge" c o n d i t i o n  and a 
green zone f o r  t he  "operate" cond i t ion .  
Since t h e  normal r a t e d  load c u r r e n t  
3.  B a t t e r y  Charging and D i s c h s r g i n ~  C i r c u i t  
The b a t t e r y  charging and d i s c h a r g i n g  c i r c u i t  c o n s i s t s  of t h e  cha rge r  
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switch S2,  which i s  a t h r e e  pole ,  double throw switch,  the 
p i l o t  l i g h t ,  PL1 and the  cha rge r  i npu t  connector ,  JJ9. The 
charger  switch S2 must kin :he "off" p o s i t i o n  i n  o r d e r  f o r  
power t o  be suppl ied t o  tne  main power switch S1,  which pro- 
v ides  power t o  the  Simulator .  It i s  t h e r e f o r e  impossible t o  
ope ra t e  t h e  Simulator  when t h s  charger switch S2 i s  i n  the "on" 
p o s i t i o n .  
4 .  Voltage Regulator  C i r c u i t s  
The p o s i t i v e  v o l t a g e  r e g u l a t i n g  c i r c u i t  c o n s i s t s  of R6, a 4.7 
ohm dropping r e s i s t o r ,  VR1 , the  super/reg v o l t a g e  r e g u l a t o r  
and K4, a 100 K t r i m i n g  r e s i s t o r .  The v a r i a b l e  r e s i s t o r  R4 
i s  used t o  p r e c i s e l y  a d j u s t  the vo l t age  ou tpu t  of t he  vo l t age  
r e g u l a t o r .  The p o s i t i v e  v o l t a g e  r e g u l a t o r  a l s o  s u p p l i e s  power 
f o r  PL2, the main power i n d i c a t o r  l i g h t .  The nega t ive  vo l t age  
r e g u l a t o r  c i r c u i t  i s  i d e n t i c a l  t o  t h e  p o s i t i v e  v o l t a g e  r e g u l a t o r  
c i r c u i t  with the  except ion t h a t  i t  does n o t  have t o  supply power 
t o  a p i l o t  l i g h t .  A small  Microdot connector JJ6 provides  
access  t o  the + 6 v o l t  and the - 6 v o l t  v o l t a g e  ou tpu t  t e rmina l s  
so t h a t  t hese  v o l t a g e s  can be monitored du r ing  t r o u b l e  shoot ing 
and adjustment procedures.  
5.  - Q s c i l l a t o r  Package 
The o s c i l l a t o r  package c o n s i s t s  of t h r e e  Fork Standards plug-in 
o s c i l l a t o r s ,  f l  (0.5 H Z ) ,  f 2  ( 3  H Z ) ,  and f 3  (35 H Z ) .  Switches 
S4, S 5 ,  and S6 permit each ind iv idua l  o s c i l l a t o r  t o  be turned 
on o r  o f f .  Radio frequency suppression c i r c u i t s  a r e  connected 
a c r o s s  t h e  output  t e rmina l s  of each of t he  t h r e e  o s c i l l a t o r s ,  
6. Grounding System #l 
Grounding System #l c o n s i s t s  of a switching system which permits  
c o n t r o l  of t h e  grounding condi t ions of t h e  o s c i l l a t o r  comnon 
c i r c u i t .  S18,  t h e  common ground s e l e c t o r  switch permits  t he  
ground t o  be switched t 3  e i t h e r  Simulator case  ground o r  e x t e r n a l  
ground. The e x t e r n a l  ground po in t  i s  a l s o  connected t o  p i n  "K" 
of Connector 552 which i s  used €or  t h e  EMG and EKG common ground 
and p i n  "K" of Connector 553 which i s  used f o r  t h e  EEG common 
ground. Switch S17, t he  EEG, EMG, and EKG ground r e s i s t a n c e  
s e l e c t o r  switch permits  fou r  values of r e s i s t a n c e  t o  be i n s e r t e d  
i n t o  the  common r e t u r n  t o  ground c i r c u i t .  These fou r  va lues  a r e  
0 ohms, 1000 ohms, 10,000 ohms, and 50,000 ohms. 
7. Frequency Controls  
The  frzquzr,cy C c E t r G I s  ccnsist Gf 4 in2ividl;aI t h r e e  -,ositfon 
r o t a r y  s e l e c t o r  switches.  Switch S 7  s u p p l i e s  any one of t he  
t h r e e  f r equenc ie s  t o  t h e  10 EEG c i r c u i t s .  Sn i t ch  S8 switches 
any one of t he  t h r e e  f r equenc ie s  t o  t h e  2 EOG c i r c u i t s .  Switch 
S 9  s e l e c t s  any one of t he  t h r e e  frequencies  f o r  t h e  2 EMG 
c i r c u i t s .  Switch S10 s u p p l i e s  any one of t he  t h r e e  frequencies  
t o  t h e  EKG/ZPG c i r c u i t .  
The EJG/ZPG frequency c o n t r o l  c i r c u i t  a l s o  has  3 v o l t a g e  
d i v i d e r s  a s s o c i a t e d  with i t ,  one f o r  each frequency. Th i s  
was found necessary  due t o  t h e  v a r i a b l e  loading e f f e c t  o f  
the ZPG c i r c u i t  on the ou tpu t  of t h e  EKG channel a t  t he  
35 I-Iz frequency. The 0.5 :3Z v o l t a g e  d i v i d e r  and t h e  3.0 !IZ 
vol tage d i v i d e r  c o n s i s t  of r e s i s t o r s  R30, R32 and R29, R31, 
r e spec t ive ly ,  and are equa l ,  i n d i c a t i n g  t h a t  t h e r e  i s  n e g l i g i b l e  
change i n  t h e  amplitude level when swi t ch ing  from 0.5 HZ t o  
3.0 H Z .  The 35 1lZ v o l t a g e  d i v i d 2 r  c o n s i s t s  o f  a f ixed  r e s i s t o r  
R23 and a v a r i a b l e  r e s i s t o r  X l l .  The v a r i a b l e  r e s i s t o r  must 
he a d j u s t e d  t o  i n s u x  t h a t  th? EKC output  vo l t age  a t  35 9 Z  
is ?qual t o  thz  EK'; v o l t a g e  output  a t  0.5 I I Z  and 3.0 '1Z. 
8. Amplitude Czt_ro& 
The amplitude c o n t r o l s  c o n s i s t  of  fou r  3 p o s i t i o n , r o t a r y  s e l e c t o r  
w i t c h e s  connected t o  supply one of t h r e c  v o l t a g e  ampli tudes 
t o  t h e  EEG, EOG, EMC, and EKG c i r c u i t s .  S-.gitch S l l ,  t he  EEG 
amplitude s e l e c t o r  switch s e l e c t s  one of  t h r e e  v o l t a g e  ampli tudes 
fo r  t he  10 EEG c i r c u i t s .  Switch S12, t h e  EOG amplitude s e l e c t o r  
switch,  s e l e c t s  one of  t h r e e  v o l t a g e  ampli tudes f o r  t he  2 EOG 
c i r c u i t s .  Switch S13, t h e  EMG ampli tude s e l e c t o r  switch,  swi t ches  
one of t h r e e  v o l t a g e  amplitud2s t o  t h e  2 EMG c i r c u i t s .  Switch S14, 
the EKG amplitude s e l e c t o r  switch p rov ides  one of  t h r e e  v o l t a g e  
amplitudes t o  t h e  EKG C i r c u i t .  There a r e  t h r e e  i n d i v i d u a l  
vol tage d i v i d e r s  f o r  each s e l e c t o r  switch,  as  well as t h r e e  
ind iv idua l  trimming po ten t iome te r s  f o r  f i n e  adjustment of each 
vol tage amplitudc.  Most of  t h e  r e s i s t o r s  are  metal  f i l m  p r e c i s i o n  
r e s i s t o r s .  I n  c e r t a i n  cases v i r e  wound p r e c i s i o n  r e s i s t o r s  have 
been u s e d .  
9. E E G  C i r c u i t s  
The EES c i r c u i t s  c o n s i s t  o f  10 i n d i v i d u a l  channels  with a 100 I< 
p r e c i s i o n  r e s i s t o r  i n  each of  t h e  two l e g s  of  each channel.  
Therefore,  each EEG c i r c u i t  has  a sou rce  r e s i s t a n c e  of 200 I<. 
10. EOG C i r c u i t s  
The EOG C i r c u i t s  c o n s i s t  of  2 channels  which a re  de r ived  from 
3 terminals  - one common and two o u t p u t s .  The c i r c u i t  arrangement 
f o r  the EOG c i r c u i t s  i s  somewhat d i f f e r e n t  from t h a t  of t h e  EEG 
c i r c u i t s  and t h e  EMC c i r c u i t s .  
11. EMG C i r c u i t s  
There a r e  two EMG channels ,  each of which c o n t a i n s  two 50,000 
ohm p r e c i s i o n  r e s i s t o r s .  The re fo re ,  t h e  o u t p u t  impedance of 
each o f  the  EM: channels i s  100 K.  
i n  each l e g  of t h e  c i r c u i t .  Therefore,  t h e  source r e s i s t a n c e  
of t he  EKG c i r c u i t  i s  50,000 ohms, p l u s  the  1,000 ohm va lue  of 
t h e  v o l t a g e  d i v i d e r  r e s i s t o r .  The ZPG network i s  i n  p a r a l l e l  
with t h e  EKG output- l eads .  
13. ZPG Controls  
The ZPG c o n t r o l s  c o n s i s t  of t h e  ZPG r e s i s t a n c e  s e l e c t o r  switch 
S15 and t h e  Rz s h o r t i n g  pushbutton S16. One p o s i t i o n  of  switch 
,915 p laces  a 20 ohm r e s i s t a n c e  i n  t h e  ZPG network, t h e  o t h e r  
p o s i t i o n  of switch S15 p l aces  a 10 ohm r e s i s t a n c e  i n  the  ZPG 
network. Pushbutton S16, when i n  t he  non-operating p o s i t i o n  
s h o r t s  ou t  the Rz r e s i s t o r  of 10 ohms o r  20 ohms a s  s e l e c t e d  
by switch S15. When the  Rz sho r t ing  pushbutton S16 i s  ope ra t ed  
the  a p p r o p r i a t e  r e s i s t a n c e  va lue  i s  i n s e r t e d  i n t o  t h e  ZPG net-  
work. 
- - - 
I$. Grounding S y s t e m s  
Grounding System # 3  connects t he  EEG, EOG and EMG s h i e l d s  i n  
t h e  head cab le  and the  head connector t o  t h e  Simulator  Case 
Ground. 
15. Grounding System # 2 .  
Grounding system 8 2  connects a l l  t h e  s h i e l d s  o f  t he  body l e a d s  
t o  Switch S28, t h e  Body Leads, Grounding S e l e c t o r  Switch. The 
body l eads  s h i e l d s  can then b e  switched by means of S28, which 
i s  a s i n g l e  po le ,  double throw switch t o  e i t h e r  t he  Simulator  
c a s e  ground o r  e x t e r n a l  ground. The body l e a d s  s h i e l d s  are 
a l s o  connected t o  p i n  H o f  connector 555. 
16, Blood P res su re  C i r c u i t s  
There a r e  s i x  channels o f  blood p res su re  c i r c u i t s .  Each channel 
c o n s i s t s  of a 350 ohm br idge  c i r c u i t  wi th  a 25,000 ohm v a r i a b l e  
r e s i s t o r  a c r o s s  i t s  diagonal.  There i s  a t h r e e  p o s i t i o n  r o t a r y  
s w i t c h  t o  a l low f o r  s e l e c t i o n  of t h e  Rc va lue  which i s  i n  p a r a l l e l  
w i th  one of t h e  350 ohm l e g s  o€ the  b r idge .  The i n p u t  v o l t a g e  
t o  the  b r idge  i s  approximately 1 v o l t ,  which i s  der ived from an 
11 v o l t  c i r c u i t  t h r u  a 3.5K s e r i e s  r e s i s t a n c e .  With t h e  s e l e c t o r  
switch s e t  on t h e  i n f i n i t y  r e s i s t a n c e  p o s i t i o n ,  t he  25K v a r i a b l e  
r e s i s t o r  i s  a d j u s t e d  t o  g i v e  0 output .  When t h e  r o t a r y  switch 
i s  a d j u s t e d  t o  an Rc va lue  of  80.6K o r  40.2K, t h e  ou tpu t  from 
t h e  blood p r e s s u r e  c i r c u i t  should l i e  somewhere between 0 and 3 
m i l l i v o l t s .  The blood p res su re  c i r c u i t s  performed as expected. 
1 7 .  GSR C i r c u i t  
The s i n g l e  channel GSR c i r c u i t  c o n s i s t s  o f  3 Rx r e s i s t a n c e  va lues  
and s e l e c t o r  switch S25,  which can s e l e c t  any one of t h r e e  
p r e c i s i o n  r e s i s t a n c e  v a l u e s .  
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18, Temperature C i r c u i t s  
There a re  two channels of temperature c i r c u i t s ,  Each temperature 
c i r c u i t  c o n s i s t s  of an Ry Resistance s e l e c t o r  switch S26, s27, which 
is capable  of s e l e c t i n g  any one of t h r e e  p r e c i s i o n  r e s i s t a n c e  
va lues .  
C. D e s c r i p t i o n  of Simulator  Front  Panel 
The f r o n t  panel  of  Simulator  42 is shown in F i g u r e  1. 
a t u r e  adap te r  J J 4 A  and t h e  head cab le  adapter  J J l A ,  JJ2A and JJ3A 
can be seen a t  t h e  top of t h e  Simulator. The f o u r  Frequency S e l e c t o r  
switches,  C?, S8,  S 9  and SlO, a r e  located a t  t he  top  of t h e  panel .  
The fou r  Amplitude S e l e c t o r  switches,  S 1 1 ,  S12, S13 and S14, are each 
l o c a t e d  t o  t h e  r i g h t  of i t s  a s s o c i a t e d  frequency s e l e c t o r  switch.  The 
1 2  Amplitude f i n e  trimer c o n t r o l s  are a l s o  l o c a t e d  a t  t h e  top  of t h e  
f r o n t  pane l  and are screwdriver  a d j u s t a b l e ,  The ZPG Controls ,  S15 and 
S16, t he  GSR Res i s t ance  S e l e c t o r  Switch and t h e  two Temperature Resis-  
t ance  S e l e c t o r  switches a r e  shown on the nex t  l e v e l .  The s i x  Blood 
P r e s s u r e  c o n t r o l s  are l o c a t e d  on t h e  next level. S28, S17, and S18, 
t h e  Ground Control switches a r e  located below t h e  Blood P r e s s u r e  
c o n t r o l s .  
The head temper- 
The lower s e c t i o n  of t h e  c o n t r o l  panel  con ta ins  t h e  power c o n t r o l s ,  
i nc lud ing  the  main power switch,  t h e  three o s c i l l a t o r  power switches,  
t h e  charging switch,  t he  b a t t e r y  t e s t  switch, t he  two r e g u l a t o r  
t r i m n e r s  which a r e  used f o r  f i n e  adjustment of t h e  r e g u l a t o r  ou tpu t  
v o l t a g e s ,  t h e  r e g u l a t o r  v o l t a g e  t e s t  r ecep tac l e ,  t h e  charger  i npu t  
connector  and a banana j a c k  f o r  case  ground. 
The EMC s h i e l d e d  door is shown i n  t h e  open p o s i t i o n .  
door has  two l a t c h e s  i n  o r d e r  t o  insure t h a t  the EM1 gaske t s  are t i g h t l y  
i n  p l a c e  when the  door is c losed .  Other views of the Act ive Primate 
S imula to r  i n  v a r i o u s  s t a g e s  of disassembly a r e  shown i n  t h e  Operating 
and Maintenance Manual. 
The EMC sh ie lded  
V. DESCRIPTION OF TEST SYSTEM FOR ACTIVE PRIMATE SIMULATOR (AGE) 
The Test System f o r  t h e  Active Primate Simulator was designed t o  tes t ,  f a u l t  
i s o l a t e  and c a l i b r a t e  t he  Act ive Primate Simulator. 
ment t o  perform t h e s e  func t ions  a r e  contained i n  t h e  Test System, with t h e  
excep t ion  o f  t h e  Tektronix Osci l loscope.  
t h i s  t e s t i n g  procedure a s  simple as poss ib l e  f o r  t h e  u s e r  of t h e  Active Primate 
S imula to r  . 
i n t o  t h e  Test  System; t h e  Dana D i g i t a l  Voltmeter, t h e  K e i t h l e y  Low-level 
Ampl i f i e r ,  and the  Lambda Power Supply. The f r o n t  panel  of t he  T e s t  System is 
arranged i n  such a way so t h a t  any one of these t h r e e  p i e c e s  of l abora to ry  
equipment can be used a s  gene ra l  purpose laboratory equipment. 
A l l  t h e  necessary equip- 
The Test System was designed t o  make 
Three s t anda rd  p i e c e s  of l abora to ry  equipment were incorporated 
A .  S i m p l i f i e d  Block Diagram - T e s t  S y s t e m  f o r  Ac t ive  Primate Simulator 
(AGE) - GTSgO11 
1. D i g i t a l  Voltmeter 
The d i g i t a l  vo l tme te r  is switched t o  v a r i o u s  s e c t i o n s  of the system 
by means of t he  SS panel ( s e l e c t o r  switch p a n e l ) .  
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2. Ke i th l ey  Power Supply 
The Ke i th l ey  power supply s u p p l i e s  h igh ly  r egu la t ed  D.C. power 
to  t h e  Ke i th l ey  Amplif ier .  
3. S.S. Panel  
The S e l e c t o r  Switch Panel  con ta ins  t h e  s e l e c t o r  switches which 
are used f o r  d i s t r i b u t i n g  the  v a r i o u s  s i g n a l  v o l t a g e s  and power 
vol tages  t o  a l l  s e c t i o n s  of t h e  system. 
4 ,  K e i  t h l e y  Amplif ier  
The low-level Ke i th l ey  Amplif ier  r e c e i v e s  s i g n a l s  from t h e  S e l e c t o r  
Switch panel ,  a m p l i f i e s  t h e s e  s i g n a l s  and r o u t e s  them t o  t h e  
readout device,  t h e  cathode r a y  osc i l l o scope .  The o s c i l l o s c o p e  is  
not shown on GTS9011. 
5 .  O s c i l l a t o r  Supply 
The o s c i l l a t o r  supply con ta ins  t h e  two p lug - in  o s c i l l a t o r s  
(64 KHZ and 240 KHZ) and t h e  60 cyc le  s t e p  down transformer.  
These t h r e e  f r equenc ie s  are used t o  make impedance measurements 
of t h e  ZPG C i r c u i t .  
6. Lambda Power Supply 
The Lambda r egu la t ed  power supply p rov ides  t h e  v a r i o u s  D.C. 
vol tages  and c u r r e n t s  r equ i r ed  f o r  powering t h e  p lug - in  o s c i l l a t o r s ,  
t h e  blood p r e s s u r e  c i r c u i t s ,  and t h e  b a t t e r y  charging system. 
7. Test Panel  
The Tes t  Panel con ta ins  t h e  r e c e p t a c l e s  which r e c e i v e  a l l  s i g n a l 8  
from the  Simulator and which supply v a r i o u s  e x c i t a t i o n  v o l t a g e s  
t o  t h e  Simulator .  A l l  incoming and outgoing s i g n a l s  a r e  rou ted  
through t h e  t es t  panel .  
8. Power Panel  
The Power Panel  c o n t a i n s  a l l  t h e  power swi t ches ,  meters, and power 
con t ro l  devices  t o  o p e r a t e  t h e  t e s t  system. 
B. Block Diagram - Test System f o r  Ac t ive  Primate  Simulator  
(AGE) - GTS9012 
Th i s  Block Diagram i s  a more d e t a i l e d  b lock  diagram of t h e  Test System 
f o r  the Active Primate Simulator .  
1. Dana Dig i ta l  Voltmeter 
The Dana D i g i t a l  Voltmeter i s  used t o  measure A.C.  v o l t s ,  D.C. v o l t s  
and ohms. 
- 27  - 
2. &&&lev Power S U D D ~ Y  
The Ke i th l ey  Power Supply i s  used t o  supply D.C. power t o  t h e  
Kei th ley  low l e v e l  a m p l i f i e r .  When.making low l e v e l  o s c i l l o -  
scope measurements, i t  i s  necessary t o  o p e r a t e  t h e  a u x i l i a r y  
power switch shown on t h e  r i g h t  hand s i d e  of t h e  b lock  diagram. 
This  d i sconnec ts  a l l  60 HZ power t o  t h e  T e s t  System, except ing  
t h e  Ke i th l ey  power supply.  
l oca t ed  a t  t h e  r e a r  of t he  T e s t  System c a b i n e t  and was found 
t o  be necessary  s i n c e  i t  was impossible t o  adequate ly  s h i e l d  t h e  
low level c i r c u i t s  from t h e  110 v o l t  A.C. power c i r c u i t s  
connected t o  t h e  f r o n t  pane l ,  Therefore,  when making low l e v e l  
o s c i l i o s c o p e  masurements ,  A.Ca power i s  supp l i ed  t o  t h e  
Ke i th l ey  Power Supply only.  
The a u x i l i a r y  power switch i s  
3. S e l e c t o r  Switch Panel 
The s e l e c t o r  swi tch  panel  contains  both s i g n a l  swi tch ing  networks 
and power swi tch ing  networks. The s i g n a l  swi tch ing  networks 
receive a l l  s i g n a l s  genera ted  by t h e  Act ive  Primate  Simulator  
(shown i n  b lock  diagram form t o  t h e  l e f t  of t h e  d o t t e d  l i n e )  and 
d i s t r i b u t e s  them t o  t h e  Dana D i g i t a l  Vol tmeter ,  t h e  Kei th ley  
Ampl i f ie r  and t h e  Tekt ronix  Osci l loscope.  The power Switching 
network system rece ives  power imputs from t h e  Lambda Power 
Supply, t h e  60 HZ Supply, t h e  64 KHZ Supply and t h e  240 KHZ 
Supply. The power switching system a l s o  provides  1 2  v o l t s  D.C. 
t o  t h e  64 KHZ and 240 KHZ o s c i l l a t o r s .  The 11 v o l t  D , C ,  blood 
p r e s s u r e  c i r c u i t s  supply i s  switched from t h e  power swi tch ing  
networks,  through t h e  s i g n a l  switching networks t o  the  blood 
p r e s s u r e  c i r c u i t s .  
c i r c u i t  and t h e  load r e s i s t a n c e  f o r  t h e  b a t t e r y  d i scha rg ing  
c i r c u i t  a r e  switched by t h e  power swi tch ing  networks. 
r e g u l a t o r  ou tput  vo l t age  and the i n d i v i d u a l  b a t t e r y  c e l l  vo l t ages  
a r e  connected t o  the  power switching network and then  switched 
t o  t h e  Dana D i g i t a l  Voltmeter.  
t h e  c a p a b i l i t y  t o  switch a l l  incoming s i g n a l s  ko t h e  Dsna D i g i t a l  
Voltmeter f o r  p r e c i s i o n  measurement and c a l i b r a t i o n .  
The necessary power f o r  t h e  b a t t e r y  charging 
The v o l t a g e  
The power swi tch ing  network has  
4. Kei th ley  Ampl i f ie r  
The Ke i th l ey  low 1eve lArnp l i f i e r  is used i f  d e s i r e d ,  t o  amplify 
low l e v e l  s i g n a l s  o r i g i n a t i n g  a t  t h e  Act ive  Primate  Simulator  SO 
t h a t  they  can be observed and c a l i b r a t e d  by a convent ional  10 
mv/cm s e n s i t i v i t y  cathode r ay  osc i l l o scope .  A s  i n d i c a t e d  i n  t h e  
b lock  diagram, t h e  low l e v e l  s igna l s  can be switched d i r e c t l y  t o  
t h e  o s c i l l o s c o p e  provided a 10 microvolt/cm s e n s i t i v i t y  o s c i l l o -  
scope i s  a v a i l a b l e .  
5 .  O s c i l l a t o r  Supply 
The o s c i l l a t o r  supply provides  t h r e e  s i g n a l s  of d i f f e r e n t  f requencies ,  
(60 HZ, 64 KHZ and 240 KHZ) t o  t h e  power swi tch ing  network, which 
i n  t u r n  swi tches  them through the  s i g n a l  swi tch ing  network t o  t h e  
ZPG c i r c u i t  f o r  measurement of ZPG impedance. The 64 KHZ and 
240 KHZ a r e  genera ted  by two plug-in o s c i l l a t o r s .  
i s  der ived  from t h e  A.C. l i n e  through a step-down transformer.  
The 60 HZ supply 
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6 .  Lambda Power Supply 
The Lambda Power Supply provides adjustable D.C. voltage and 
current to the power switching network, which in turn redis- 
tributes this D.C. power to the oscillator supply, to the 
signal switching networks for activation of the blood pressure 
circuits and to the battery charging circuit. 
7. Test Panel 
The test panel is not shown on GTS9012; however, the dotted 
line on the left hand side of the block diagram illustrates 
the function of the test panel. All receptacles used to 
connect the Active Primate Simulator to the Test System are 
located on the test panel. 
8. Power Panel 
The Power Panel is illustrated by means of the block, entitled 
"A.C. Power Switching Controls". Switches, meters,pilot lights 
and a fuse post are located on the Power Panel, which will be 
described in detail in the next section. 
C. Schematic Diagram For _--- Test-- - System G-T-s-~-o-l-3- for  Active -- -- Pri-yate Simulatpr 
(AGE) 
The digital voltmeter can be used directly as a general purpose 
laboratory instrument through its binding posts, BP6-1 and 
BP6-2. 
2 of SS3-1 and SS3-2, and to the wipers of SS3-3 and SS3-4. When 
this four level selector switch SS3 is in position 2, the digital 
voltmeter is connected to the wipers of SS1-1 and SSl-2, a two 
level 16 position switch. 
switched to each of the 10 EEG outputs, (EEG1 to EEGlO inclusive) 
or to each of the 2 E X  outputs (Em1 and W 2 ) .  
The digital voltmeter terminals are Connected to terminals 
The digital voltmeter can then be 
When SS1 is at position 16 the digital voltmeter is then connected 
to the wipers of S S 2 - 1  and SS2-2 so that the resistances of EOG1, 
EOG2, EKG/ZPG, the 6 blood pressure circuits (BP1 to BP6 inclusive), 
the GSR circuit, Temperature 1 and Temperature 2 can be measured. 
When the blood pressure circuits are supplied with 11 volts D.C. 
the DVM is then switched to the millivolt range so that the 0 to 3 
millivolt signals generated by the blood pressure circuits can be 
measured and calibrated. 
The WM is also connected to the wipers of SS3-3 and S S 3 - 4  where 
it is used to measure 60 HZ voltage and current, 64 KHZ voltage 
and current, and 240 KHZ voltage and current. These S i x  measure- 
ments supply the information necessary to exactly compute the 
parameters of the ZPG impedance network. 
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SS3 switches t h e  d i g i t a l  vo l tme te r  t o  t h e  b a t t e r y  v o l t a g e  
( p o s i t i o n  9 on switch SS3). P o s i t i o n  10 on swi t ch  SS3 is 
t h e  b a t t e r y  c e l l  t es t  p o s i t i o n .  The b a t t e r y  ce l l  tes t  
p o s i t i o n  connects t h e  d i g i t a l  vol tmeter  t o  t h e  wipers  of 
SS5 (a two l e v e l ,  1 2  p o s i t i o n  switch).  Switch SS5 t hen  
connects t h e  d i g i t a l  vo l tme te r  t o  each of t h e  10 b a t t e r y  
c e l l  vo l t ages .  
S e l e c t o r  switch SS3 connects t h e  d i g i t a l  vo l tme te r  t o  t h e  
p o r i t i v e  v o l t a g e  r e g u l a t o r  terminals ,  t h e  n e g a t i v e  v o l t a g e  
r e g u l a t o r  t e rmina l s ,  t h e  power supply ou tpu t  v o l t a g e ,  and 
t h e  power supply ou tpu t  c u r r e n t .  
2. Ke i th l ey  Power Supply 
The K e i t h l e y  Power Supply is shown connected t o  t h e  A.C. 
l i n e  cord supplying the  T e s t  System. The K e i t h l e y  Power 
Supply can be turned o f f  from a switch l o c a t e d  on i t s  
f r o n t  panel.  It  i s  not  c o n t r o l l e d  by t h e  main power switch 
a s  a r e  t h e  o t h e r  A.C. powered devices i n  the  Test System. 
3. S e l e c t o r  Switch System 
The swi t ch ing  system c o n s i s t s  of 5 s e l e c t o r  switches;  SS1 
and SS2 are p r i m a r i l y  concerned with switching of t h e  low 
l e v e l  s i g n a l s  generated by t h e  Simulator.  SS1 i e  a two 
level,  16 p o s i t i o n  switch and SS2 is a 4 level,  16 p o s i t i o n  
switch.  SS1 switches t h e  10 EEG s i g n a l s  and t h e  2 EXG 
s i g n a l s  t o  e i t h e r  t h e  d i g i t a l  vol tmeter  f o r  measurement of 
r e s i s t a n c e  o r  t o  t h e  low l e v e l ,  cathode ray o s c i l l o s c o p e  
measuring system. S e l e c t o r  switches SS3, SS4 and SS5 a r e  
p r i m a r i l y  concerned with t h e  ewitching of power vo l t age8  and 
c u r r e n t s  f o r  purposes of measurement and c a l i b r a t i o n .  The 
f u n c t i o n s  of switches of SS3 and SS5 were descr ibed i n  d e t a i l  
i n  S e c t i o n  C - 1  above, 
Switch SS4 i s  concerned with t h e  switching of t h e  Lambda 
Power Supply D.C. power t o  t h e  va r ious  devices  r e q u i r i n g  D.C. 
power. P o s i t i o n  1 provides  11 v o l t s  D.C. t o  t h e  blood p res su re  
c i r c u i t s ,  p o s i t i o n  2 s u p p l i e s  1 2  v o l t s  D.C. t o  t h e  o s c i l l a t o r  
supp ly ,  p o s i t i o n  3 provides 0.5 amps cons t an t  c u r r e n t  t o  t h e  
b a t t e r y  charging c i r c u i t  and p o s i t i o n  4 provides  D O C .  power t o  
b ind ing  p o s t s  BP5-1 and BP5-2 f o r  gene ra l  purpose l a b o r a t o r y  
use.  
4. Ke i th l ey  Amplif ier  
The Ke i th l ey  Amplif ier  i s  shown connnected v i a  a c a b l e  t o  
connector  320, which i n  t u r n  is connected t o  p o s i t i o n  1 on 
s e l e c t o r  switch SS3. R e s i s t o r s  R211, R212,  R213 and R214 
a d j u s t  t h e  i n p u t  r e s i s t a n c e  t o  the s p e c i f i e d  1 megohm resis- 
t a n c e  value.  The i n p u t  impedance of t h e  Ke i th l ey  Amplif ier  
is 10 megohms f o r  each l e g  o r  a t o t a l  of 20 megohms leg- to- leg.  
The re fo re  t h e  t o t a l  i npu t  r e s i s t a n c e  a s  seen by t h e  Active 
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Primate Simulator  i s  s l i g h t l y  less than 1 megohm. 
P o s i t i o n  1 of S e l e c t o r  Sxi tch  S S - 3  can be d i r e c t l y  con- 
nected t o  t h e  Tektronix Osc i l loscope  by means of another  
cable  connect ing d i r e c t l y  t o  Connector 520. 
5. O s c i l l a t o r  Supply 
The o s c i l l a t o r  supply c o n s i s t s  nf F1 and f2 ,  t h e  two plug- 
i n  o s c i l l a t o r s  and Cransformer TT1, which provides  3.15 
v o l t s ,  60 HZ. The two p lug- in  o s c i l l a t o r s ,  f l  and f 2  
r equ i r e  a c e n t e r  tappzd, 1 2  v o l t  supply which i s  obta ined  
from t h e  Lambda Power Supply through a vo l t age  d i v i d e r  
c i r c u i t  c o n s i s t i n g  of  two 20 ohm r e s i s t o r s .  The v o l t a g e  
outputs  of the  t h r e e  A.C. s u p p l i e s  a r e  measured by means of 
SS-3 and t h e  d i g i t a l  vo l tmeter .  The t h r e e  c u r r e n t  measure- 
ments a r e  made by means of t h r e e  100 ohm p r e c i s i o n  r e s i s t o r s ,  
R203, R204 and R205. It  was found necessary  t o  i n s e r t  R206, 
a 270 ohm r e s i s t a n c e ,  i n  s e r i e s  with p o s i t i o n  4 of S S 3 - 3  so 
t h a t  t he  60 HZ c u r r e n t  could be measured without  momentarily 
sho r t  c i r c u i t i n g  t h e  60 HZ supply.  
caused by the  f a c t  t h a t  S S 3  is a s h o r t i n g  type s e l e c t o r  
switch suppl ied  by the  60 H Z  power der ived  d i r e c t l y  from 
the l i n e ;  t h e r e f o r e  even a momentary s h o r t  c i r c u i t  could 
c r e a t e  cons iderable  damage. Th i s  was no t  necessary  i n  t h e  
case  of  t he  64 KHZ o s c i l l a t o r  and t h e  240 KHZ o s c i l l a t o r ,  
s ince  t h e i r  i n t e r n a l  impedances a r e  h igh  enough t o  prevent  
l a rge  s h o r t  c i r c u i t  c u r r e n t s .  
The need €or  t h i s  was 
6. Lambda Power Supply 
The Lambda Power Supply i s  provided with i t s  own vo l t age  and 
cu r ren t  c o n t r o l s  and is more f u l l y  desc r ibed  i n  the  Manual 
suppl ied  with t h e  u n i t .  Switch S9 modi f ies  the  Lambda Power 
Supply ope ra t ion  from a cons t an t  v o l t a g e  mode t o  a cons t an t  
cu r ren t  mode. The Lambda Power Supply provides  D.C. v o l t a g e  
fo r  t he  blood p res su re  c i r c u i t s ,  t h e  o s c i l l a t o r s ,  t h e  b a t t e r y  
charging c i r c u i t  and t o  b inding  p o s t s  BP5-1 and BP5-2 f o r  
general  purpose l abora to ry  use.  
7 .  Test  Panel 
The Tes t  Panel con ta ins  a l l  t h e  i n p u t  connec tors  which a r e  
cable  connected t o  t h e  Act ive  Pr imate  S imula tor .  These con- 
nec tors  a r e  a l l  shown on t h e  l e f t  hand s i d e  of t h e  wi r ing  
diagram. 
receptac le .  
Connector 55 is the  body l eads  r e c e p t a c l e .  
the Voltage Regulator  Test Receptac le .  
are  the  blood p res su re  and EKG/ZPG r e c e p t a c l e s .  Connector J 9  i e  
the charger  ou tput  connector .  Connector J10 i s  the  b a t t e r y  c e l l  
vo l tage  connector.  
a l l  loca ted  on t he  Test Panel  and are  used t o  connect  t h e  
Simulator v i a  7 cab le s  t o  t h e  T e s t  System. The head cab le  
connect6 t o  connector8 51, 32, 53 and 3 4 .  
Connectors J1, 5 2  and 53  r e p r e s e n t  t h e  head cab le  
Connector J 6  i s  
Connector 54 i s  t h e  head tempera ture  Connector. 
Connectors 57 and 58 
The 10 connec tors ,  J1 t o  J10  i n c l u s i v e ,  are 
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8. Power Panel  
The Power Panel  con ta ins  devices  €or t h e  c o n t r o l  and 
measurement of power i n t o  t h e  T e s t  System. S6, t h e  main 
power switch,  is used t o  t u r n  on A.C. power t o  t h e  d i g i t a l  
vo l tme te r ,  t h e  Lambda Power Supply and t h e  60 HZ power 
supply which is p a r t  of t h e  o s c i l l a t o r  supply,  S10, t h e  
a u x i l i a r y  power switch,  is l o c a t e d  a t  t h e  rear of t h e  Test  
System c a b i n e t  and prevents  60 HZ power from a r r i v i n g  a t  
t h e  f r o n t  pane l  where i t  would be i n  proximity t o  t h e  low 
l e v e l  s i g n a l s  being switched by the s e l e c t o r  switches.  
was found t o  be necessary t o  minimize s t r a y  60 HZ pick-up. 
This  
A t h r e e  ampere slow blow f u s e  i s  e a s i l y  r e p l a c e a b l e  from t h e  
f r o n t  panel .  
Switch S9 permi t s  t h e  Lambda power supply t o  be switched from 
a cons t an t  v o l t a g e  mode t o  a constant  c u r r e n t  mode. 
Switch S1 switches t h e  b a t t e r y  c i r c u i t  from t h e  charge t o  t h e  
d i scha rge  mode. The discharge func t ion  is no longer  necessa ry  
s i n c e  it is more convenient t o  use s e p a r a t e  d i scha rge  f i x t u r e s .  
The d i scha rge  f i x t u r e s  perform t h e  d i scha rge  f u n c t i o n  inexpen- 
s i v e l y  and e f f i c i e n t l y  and r e l e a s e  t h e  more expensive Test 
System f o r  o t h e r  uses. Push but tons S7 and S8 a r e  the  d i scha rge  
and charge a c t i v a t i n g  pushbuttons,  r e s p e c t i v e l y .  
Meters M 1  and M2 a r e  used t o  monitor t h e  D.C. c u r r e n t  and 
v o l t a g e  supp l i ed  by the  Lambda Power supply.  Meter M3 is an  
a d j u s t a b l e  meter r e l a y  which au tomat i ca l ly  c o n t r o l s  t h e  
b a t t e r y  charger .  Th i s  adjustment is set  a t  20 v o l t s  and when 
t h e  10 c e l l  b a t t e r y  reaches t h i s  value,  t h e  b a t t e r y  charger  
is a u t o m a t i c a l l y  disconnected. 
Switches S2, S3, S4 and S 5  permit t h e  u s e r  t o  connect t h e  comnon 
r e t u r n s  and the  v a r i o u s  s h i e l d  systems t o  c h a s s i s  ground o r  
t o  any d e s i r e d  ground c i r c u i t .  Switch S2 c o n t r o l s  t h e  EKG 
s h i e l d  grounding c i r c u i t .  Switch S3 c o n t r o l s  t he  s i x  blood 
p r e s s u r e  s h i e l d 8  grounding c i r c u i t .  Switch S 5  c o n t r o l s  t he  
body l e a d s  s h i e l d s  grounding c i r c u i t .  
EKG, EEG, E N ,  comon r e t u r n s  grounding c i r c u i t .  
Switch S4 c o n t r o l s  t h e  
D. - Act ive  Primate  Simulator  Under Test 
F igu re  2 shows t h e  Act ive Primate Simulator under t e s t .  The Test 
System f o r  t h e  Active Primate Simulator,  t h e  Simulator  and t h e  Test 
Osc i l l o scope  are shown i n  t h i s  f i g u r e .  
t e s t  and c a l i b r a t e  t h e  Simulator  can be Been i n  this p h ~ t z g r a $ ~ .  
The v a r i o u s  c a b l e s  r equ i r ed  t o  
The DVM Inpu t  Cable connects t h e  output o f  t h e  s e l e c t o r  switch panel  t o  
t h e  d i g i t a l  vo l tme te r .  
t h e  o u t p u t  of t h e  s e l e c t o r  switch panel t o  t h e  i n p u t  of t h e  Ke i th l ey  
Ampl i f i e r .  When t h i s  cab le  i s  removed, t h e  ou tpu t  of t h e  s e l e c t o r  
The Ke i th l ey  Amplif ier  Input  Cable connects 
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V I .  
switch panel can be connected d i r e c t l y  t o  the  t e s t  o s c i l l o s c o p e .  
The Blood P res su re  - EKG/ZPG Cables, t h e  Temperature 1 Cable, t h e  
Head Cable, t h e  Body Leads Cable and t h e  C e l l  Test Cable are  a l l  
shown connected t o  t h e  Ac t ive  P r i m a t e  Simulator.  Other c a b l e s  
n o t  shown a r e  t h e  Voltage Regulator  Test Cable and t h e  B a t t e r y  
Charger Cable. The S igna l s  Output Cable i s  shown connected from 
t h e  output  of t h e  Ke i th l ey  Amplif ier  t o  the  tes t  o s c i l l o s c o p e .  
E. Front  Panel - T e s t  System f o r  Active Primate Simulator  (AGE) 
Figure 3 shows t h e  f r o n t  panel  f o r  t h e  Test System and i t s  o p e r a t i n g  
c o n t r o l s .  The o p e r a t i n g  c o n t r o l s  have been desc r ibed  i n  previous 
s e c t i o n s .  The t h r e e  major s e c t i o n s  s l i d e  ou t  on c h a s s i s  s l i d e s  
and each i n d i v i d u a l  subassembly can be removed f o r  s e r v i c e .  There 
i s  a drawer f o r  s t o r a g e  of c a b l e s  and a c c e s s o r i e s .  
TEST RESULTS AND OPERATING EXPERIENCE 
A.  EMI T e s t s  - -  
The following r e p o r t  prepared by I n t e r f e r e n c e  Measurements Laboratory,  
Inc .  desc r ibes  t h e  EM1 T e s t s  t h a t  were made on t h e  Simulator .  The 
conc lus iones t a t e  t h a t  t h e  Sirnulator does no t  r a d i a t e  any p e r c e p t i b l e  
r a d i o  i n t e r f e r e n c e  and i s  no t  s u s c e p t i b l e  t o  RF f i e l d  i n t e n s i t i e s  
of the o r d e r  of 1 v o l t  p e r  meter throughout t h e  spectrum o f  15 KHZ 
t o  400 MHZ. 
I__ 
INTERFERENCE FEASUREME3iT LABORATORY , IN. 
RADIO INTERFERENCE TBST REPORT 
NO. 911 
ON 
SIMULATOR 
GENERAL TECHNICAL SERVICES, INC. 
Upper Darby, Pa. 
JUNE - 1967 
P.O. NO. 1678 
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"INTERFERENCE MEASUREMENT ZABORATORY, I N C .  
OBJECT : 
MEASUREMENT LABORATORY, I N C .  perform r a d i o  i n t e r f e r e n c e  r a d i a t i o n  and 
s u s c e p t i b i l i t y  measurements on a Simulator  t o  determine compliance w i t h  
requirements t h a t  i t  s h a l l  no t  malfunct ion when equipment i s  o p e r a t i n g  
i n  a n  electromagnet ic  environment i n  the  r . f .  spectrum extending through- 
ou t  t h e  range of 15 KHz. t o  400 MHz. 
The GENERAL TECHNICAL SERVICES, INC. requested t h e  INTERFERENCE 
U T E  AM) LOCATION OF INVESTIGATION: 
on 27 June 1967. 
Th i s  i n v e s t i g a t i o n  was conducted et t h e  Laboratory i n  a screened room 
DESCRIPTION OF TEST ITEM: 
Zimulator P o r t a b l e  - B a t t e r y  Powered. 
TEST INSTRUMENTS : 
14 KHz. t o  250 KHz. Stodda r t  Radio I n t e r f e r e n c e  and S.N.  219-15 
150 KHz. t o  25 MHz. S todda r t  Radio I n t e r f e r e n c e  and S.N. 185-46 
20 MHz. t o  400 MHz. S t o d d a r t  Radio I n t e r f e r e n c e  and S.N. 165-60 
F i e l d  I n t e n s i t y  Meter NM-10A 
F i e l d  I n t e n s i t y  Meter NM-20B 
F i e l d  I n t e n s i t y  Meter NM-30A 
Cal. 5/22/67 
Cal. 5/20/67 
Cal. 5/15/67 
PROCEDURE : 
sh ie lded  room. 
t h e  r a d i a t i n g  antenna loca ted  one f o o t  from i t s  pe r ime te r  so t h a t  meximum 
r . f .  f i e l d  i n t e n s i t y  would i l l u m i n a t e  t h e  c o n t r o l  panel  which was t h e  most 
s u s c e p t i b l e  s u r f a c e  f o r  r . f .  leakage. 
Antennae f o r  t h e  r a d i o  frequency f i e l d  i n t e n s i t y  in s t rumen t s  were 
l o c a t e d  a t  approximately t h e  same d i s t a n c e  from t h e  t r a n s m i t t i n g  antenna and 
were o r i en ted  f o r  maximum response on major l obe  of r a d i a t i o n  p a t t e r n .  
NM-1OA and NM-20B f i e l d  i n t e n s i t y  instruments  were c a l i b r a t e d  using t h e i r  
s t anda rd  rod antennae. 
d i p o l e s .  
Simulator  while i n  normal o p e r a t i o n  and a l s o  f o r  r . f .  t r a n s i e n t s  which might 
a r i se  during switching ope ra t ions  on t h e  c o n t r o l  panel.  
t h e  c a l i b r a t e d  frequencies  recorded i n  t h e  r e s u l t s  and i n  a d d i t i o n  t h e  ou tpu t  
waveforms were monitored t o  d e t e c t  evidence of malfunct ion as t h e  r . f .  f i e l d s  
of t h e  t r a n s m i t t e r s  were swept through t h e  frequency range of 15KHz. t o  40 MHz. 
The Simulator was placed on a copper ground plane on a t a b l e  i n  t h e  
The c o n t r o l  panel  of t h e  test i t e m  was pos i t i oned  f a c i n g  
The 
The NM-30A was c a l i b r a t e d  using t h e  s t anda rd  tuned 
Measurements were made of t h e  r a d i a t e d  i n t e r f e r e n c e  emanating from t h e  
During t h e  s u s c e p t i b i l i t y  phase of t h e s e  tests r ead ings  were taken a t  
RESULTS : 
The observed d a t a  are  recorded i n  t h e  Tabulated R e s u l t s .  
CONCLUSIONS : 
i s  no t  s u s c e p t i b l e  t o  r . f .  f i e l d  i n t e n s i t i e s  of t h e  o r d e r  of 1 vol t /m.  
throughout the spectrum of 15 KHz. t o  400 MHz. 
The Simulator does no t  r a d i a t e  any p e r c e p t i b l e  r a d i o  i n t e r f e r e n c e  and 
INTERFERENCE MEASUREMENT LABORATORY, INC.  
N. I. Wolk - D i r e c t o r  
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INTERFERENCE MEASUREBENT LABORATORY, INC. 
GENERAL TECHNICAL SERVICES, INC. 
SIMULATOR 
F r e q .  - 
MHZ * 
.015 
,025 
.04 
.06 
.16 
.2 
.25 
.3 
.5 
1 
3 
5 
10 
15 
20 
40 
50 
80 
100 
150 
200 
250 
300 
350 
400 
A m b i e n t  
10 
10 
10 
7 
4 
5 
5 
5 
5 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
BATTERY PORTABLE 
RADIATED INTERFERENCE 
R.F .  T r a n s i e n t s  
(uvs . /m) F i e l d  Intensity (Vo 1 t s/m) 
0.75 
0.5 
0.12 
1 
0.5 
1 
1.25 
1 
0 05 
1 
0.9 
0.6 
0.3 
0.3 
0.94 
0.375 
0.52 
0 044 
0.52 
0 05 
0.285 
0.21 
0.435 
0.63 
0 -59 
NOTE : It- 'I Indicates no percept ib le  reading 
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INTERFERENCE MEASUREBENI IABORATORY, INC. 
AUXILIARY INSTRUMENTS : 
Oscilloscope Tektronix Type 53lA S.N.  026554 
Bridge Oscillator General Radio Type 1330-A S.N. 1446 5 KHz. to 50 W z .  
Signal Generator Hewlett-Packatd Type 608-D S . N .  4511 10 W z  to 420 WZ." 
- 39 - 
B. Osc i l l o scope  T e z  
1. O s c i l l a t o r  Outputs 
F igures  4, 5 and 6 a r e  the  osc i l lograms of t h e  ou tpu t s  of  
t h e  t h r e e  o s c i l l a t o r s .  The peak-to-peak va lues  a r e  c l o s e  
t o  t h e  s p e c i f i e d  2.83 v o l t s  and t h e  wave forms a r e  s i n u s o i d a l  
and of t h e  proper  frequency. 
2. Noise S igna l  - Tekt ronix  1A7 
Figure  7 shows t h e  no i se  s i g n a l  of t h e  Tekt ronix  lA7 with i t s  
inpu t  grounded and with t h e  f i l t e r  s e t  f o r  D.C. t o  100 HZ 
bandwidth. The peak-to-peak noise  s i g n a l  i s  observed t o  be 
1 t o  2 microvol t s .  
maximum al lowable no i se  vo l t age  of 2.5 microvol t s  peak-to-peak. 
This i s  q u i t e  c l o s e  t o  t h e  s p e c i f i e d  
3. Noise S igna l  - Kei th ley  103 
Figure  8 shows t h e  no i se  s i g n a l  v o l t a g e  of t h e  Ke i th l ey  103 
wi th  i t s  inpu t  grounded, cascaded wi th  t h e  Text ronix  1 A 7 .  The 
103 is s e t  f o r  a 0.1 - 100 HZ bandwidth and a g a i n  of 1000; 
t h e  1A7 is s e t  f o r  a bandwidth o f  DC-100 HZ. For t h i s  s e t  of 
c o n d i t i o n s  a 2 microvol t  peak-to-peak n o i s e  s i g n a l  with a 
predominant frequency of t he  order  of 180 HZ can be observed. 
4. Noise S igna l  - 200K Metal Film R e s i s t o r  (Shielded) 
(Tektronix U7) 
Two lOOK metal f i l m  r e s i s t o r s  connected i n  s e r i e s  were p laced  
i n  a smal l  sh i e lded  enc losure  and connected by means of sh i e lded  
c a b l e  and a c o a x i a l  connector  t o  t h e  Tekt ronix  1A7 plug- in  
a m p l i f i e r .  With t h e  lA7 bandwidth set f o r  D.C. - 100 HZ, a 
4 microvol t  peak-to-peak s i g n a l  can be observed i n  F igure  9. 
5 .  Noise S ipna l  - 200K Metal Film R e s i s t o r  (Shielded) 
(Kei thley 103 i n t o  Tekt ronix  lA7) 
Using t h e  same sh ie lded  p r e c i s i o n  r e s i s t o r s  a s  were used i n  
S e c t i o n  4 a s  t h e  inpu t  s i g n a l ,  t h e  n o i s e  vo l t age ,  observed 
i n  F igure  10, was 4 microvol t s  peak-to-peak with t h e  Kei th ley  
103 a m p l i f i e r  cascaded i n t o  the  Tekt ronix  l A 7 .  
observed i n  F igures  9 and LO will be used f o r  comparison with 
t h e  n o i s e  s i g n a l s  generated by t h e  unac t iva t ed  EEG channels .  
The no i se  d a t a  
6. EEG Noise-_S_iiPnals - Various Condit ions 
-. rrgures 11, 12 grid 13 are o ~ ~ f ! l ~ g r ~ m s  ~f t h e  EEC- E Q ~ B ~  signals 
f o r  va r ious  cond i t ions  inc luding  t h e  Tekt ronix  U7 a lone  and t h e  
K e i t h l e y  103 cascaded wi th  t h e  Tekt ronix  U7. 
n o i s e  v o l t a g e  genera ted  was approximately 4 microvol t s  peak-to-peak. 
T h i s  co inc ides  almost e x a c t l y  with t h a t  observed i n  F igures  9 and 
10. Therefore  the  noise  s i g n a l s  observed on the  EEG channels  
The magnitude of t h e  
- 40 - 
are approximately equivalent to the noise signals observed 
under the ideal conditions described in Figures 9 and 10, 
7 .  EOG Noise Signals - Various Conditions 
Figures 14, 15 and 16 show the oscillograms of the noise 
voltages generated under various conditions by one of the 
EOG channels. The magnitude of the EOG noise signal was 
5 - 6  microvolts peak-to-peak. This is considerably less 
than the specified limit of 30 microvolts peak-to-peak. 
8 .  EMG Noise Signals - Various Conditions 
Figures 17, 18 and 19 show the EMG Noise signals under 
various conditions. A noise voltage magnitude of 4-5  
microvolts peak-to-peak was observed; 
favorably with the specified value of 30 microvolts peak- 
to-peak. 
this compares 
9. EKG Noise Signala Various Conditions 
Figures 20, 21 and 22 show the EKG noise signal under various 
conditions. The magnitude of the EKG noise signal is in 
the 6-8 microvolt peak-to-peak range. 
with the specified value of 50 microvolts peak-to-peak. 
This compares favorably 
10. EEX Signals - Tektronix lA7 - Various Voltages 
And Frequencies 
Figures 23 to 31 inclusive show the oscillograms of the EEG 
signal as observed directly from the Tektronix 1A7 plug-in 
amplifier. The three frequencies (0.5 HZ, 3 .0  HZ and 35 HZ) 
at the three specified amplitudes (10 microvolts, 80 
microvolts and 500 microvolts, peak-to-peak) are shown in 
Figures 23 to 31. 
11. EOG Signals - Tektronix lA7 - Various Voltages 
and Frequencies 
Figures 32 to 40 inclusive show oscillograms of the EOG Sig- 
nals at the three specified frequencies of 0 . 5  HZ, 3 . 0  HZ 
and 35 HZ and at the three specified amplitude levels of 
100 microvolts, 500 microvolts and 5000 microvolts peak-to- 
peak. 
12. EMG Signals - Tektronix 1A7 - Various VoltaRes 
and Frequencies - 
Figure 41 to 49 inclusive are oscillograms of the EMG signals 
at the specified frequencies of 0 . 5  Hz, 3 . 0  HZ and 35 112 and 
at the specified amplitudes of 100 microvolts, 1000 microvolts 
and 5000 microvolts peak-to-peak. 
- 41 - 
13. EKG S i g n a l s  - Tekt ronix  U7 - Various Voltages 
and Frequencies 
F igures  50 t o  58 i n c l u s i v e  a r e  osci l lograms of t h e  EKG s i g n a l s  
a t  t h e  f requencies  of 0.5 HZ, 3.0 HZ and 35 HZ and a t  ampli tudes 
o f  100 microvol t s ,  1000 microvol ts  and 4000 microvol t s ,  a l l  
peak- t 0- peak. 
14. Osci l lograms of a l l  S igna l s  Using t h e  Ke i th l ey  103 
Cascaded with the  Tekt ronix  lA7 
A l l  osc i l lograms taken i n  Sec t ions  10 t o  13 were repea ted  
us ing  t h e  Kei th ley  103 cascaded with t h e  Tekt ronix  l A 7 .  These 
osc i l lograms a r e  shown i n  Figures  59 t o  94 i n c l u s i v e .  No 
apprec iab le  d i f f e r e n c e s  were observed. 
Note: All l a r g e  d i v i s i o n s  on the  fol lowing photographs of 
t h e  osc i l l o scope  r e t i c u l e  a r e  cen t ime te r s .  
Figure 4 .  
O s c i l l a t o r  Output 
0.5 HZ 
Figure 5. 
O s c i l l a t o r  Output 
3.0 HZ 
Figure 6. 
O s c i l l a t o r  Output 
35 HZ 
1 V cm 
100 msec/cm 
1 
V - 
c m  
10 msec/cm 
I 
Figure 7.  
Noise S i g n a l  
Tektronix 1A7 
Inpu t  Grounded 
1A7 (DC-100 HZ) 
F i g u r e  8. 
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ClV 10 - cm 
Noise S i g n a l  
K e i t h l e y  103 into 
Tekt ronix  1A7 
I n p u t  Grounded 
103 (0.1-100 HZ) (G=1000) 
1A7 (DC-100 HZ) (10 ) 
10 
cm 
10 msec/cm 
10 msec/cm 
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F i g u r e  9. 
Noise Signal  
200K Metal F i l m  
R e s i s t o r s  (Shielded) 
Tektronix 1A7 ( D C - 1 0 0  
10 E 
10 msec/cm 
Figure  10. 
Noise S igna l  
PV 200K Metal Fi lm 10 - R e s i s t o r s  (Shielded)  cm 
K e i t h l e y  103 i n t o  
Tektronix 1A7 
1A7 (DC - 100 HZ) (10 s) 
c m  
103 (0.1 - 100 HZ) (G=1000) 
- 45 - 
Figure 11. 
EEG Noise S i g n a l  
Tektronix 1A7 
1 Megohm Load 
1A7 (DC - 100 HZ) 
PV 10 - cm 
10 msec/cm 
F igure  1 2 .  
EEG Noise S i g n a l  
Tekt ronix  1A7 
2 Megohm Load 
1A7 (DC - 100 HZ) 
10 msec/cm 
F i g u r e  13. 
CLV 10 - 
C iii 
EEG Noise S i g n a l  
K e i t h l e y  103 i n t o  
Tekt ronix  1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ) 
103 (0.1 - 100 HZ) (G=lOOO) 
z) 
cm 
10 msec/cm 
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F i g u r e  14. 
EOG Noise S i g n a l  
Tekt ronix  1A7 
1 Megohm Load 
1A7 (DC - 100 HZ) 
F i g u r e  15. 
EOG Noise S igna l  
Tekt ronix  1A7 
2 Megohm Load 
1A7 (DC - 100 HZ) 
10 YV 
cm 
-
Figure  1 6 .  
EOG Noise S igna l  
K e i t h l e y  103 i n t o  
Tekt ronix  1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ E) 
103 (0.1 - 100 HZ) (G = 1000) 
YV 10 - 
cm 
cm 
IO msec/cm 
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Figure 17. 
EMG Noise S igna l  
Tektronix 1A7  CLV 
1A7 (DC - 100 HZ) 
1 Megohm Load lo cm 
10 msec/cm 
F igure  18. 
EMG Noise S igna l  PV 10 - Tekt ronix  1A7 cm 
2 Megohm Load 
1 A 7  (DC - 100 HZ) 
F igu re  19.  
I_LV 
T I - :  eL 1 --- 1 A 3  cm 
l\c:rLIIIFy A"> into 
T e k t r o n i x  1A7 ( 1 Megohm Load) 
1A7 (DC - 100 HZ)  
EMG Noise S i g n a l  10 - 
( l o = )  c m  
103 (0.1 - 100 HZ) (G = I,OOO) 
10 msec/cm 
10 msec/cm 
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Figure  20. 
EKG Noise S igna l  
Tekt ronix  1A7 
251K Load 
1A7 (DC - 100 HZ) 
F igure  21. 
EKG Noise S i g n a l  
Tekt ronix  1A7 
2 Megohm Load 
1A7 (DC - 100 HZ) 
F igure  2 2 .  
EKG Noise S i g n a l  
Kei th ley  103 into 
PV 10 - cm 
P V  10 - cm 
PV 
lo cm 
Tekt ronix  1A7  (251K Load) 
1 A 7  (DC - 100 HZ ) 
103 (0.1 - 100 H Z )  (G = 1000) 
cm 
10 msec/cm 
10 msec/cm 
10 msec/cm 
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Figure 23. 
EEG U.5 HZ 
10 Microvol t  P-P S igna l  
Tektronix 1A7 (1 Megohm 
1A7 (DC - 100 HZ) 
F igu re  24. 
EEG 3.0 HZ 
10 Microvol t  P-P 
Tekt ronix  1A7 ( 1 
1A7 (DC - 100 HZ) 
F i g u r e  25. 
EEG 35 HZ 
T e k t r o n i x  1A7 ( 1 
I n  hf im-CTmdt  p-p 
1A7 (DC - 100 HZ) 
ClV 10 -cm 
Load) 
PV 10 - c m  
S igna l  
. Megohm Load) 
Signal 
. Megohm 
500 msec/cm 
100 msec/cm 
PV 10 - cm 
Load) 
10 msec/cm 
- 50 - 
Figure 26 .  
EEG 0.5 HZ 
80 Microvolt  P-P Signal  
Tektronix 1A7 ( 1 Megohm 
1A7 (DC - 100 HZ) 
Figure 27 .  
EEG 3.0 HZ 
80 Microvolt  P-P Signa l  
Tektronix 1A7 ( 1 Megohm 
1A7 (DC - 100 HZ) 
clv 20 -cm 
Load) 
Figure 28. 
EEG 35 H Z  
80 Microvolt  
Tektronix 1A7 
1A7 (DC - 100 
'-P 
HZ 
( 
Signal  
Megohm 
500 msec/cm 
20 
Lo 
100 msec/cm 
clv 20 -cm 
Load) 
10 m s e c / c m  
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Figure 29. 
EEG 0.5 HZ 100 !A2 cm 
500 Microvolt  P-P S igna l  
Tektronix 1A7 (1 Megohm Load) 
1 A 7  (DC - 100 HZ) 
500 msec/cm 
Figure  30. 
EEG 3.0 HZ 100 E cm 
500 Microvol t  P-P S igna l  
Tekt ronix  1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ)  
100 msec/cm 
F igure  31. 
EEG 35 HZ c m  
500 Microvol t  P-P S igna i  
Tekt ronix  1 A 7  (1 Megohm Load) 
1 A 7  (DC - 100 HZ) 
100 E 
10 msec/cm 
- 5 2  - 
F i g u r e  3 2 .  
20 cm EOG 0.5 HZ 
100 Hic rovo l t  P-P S igna l  
Tektronix 1A7  ( 1  Megohm Load) 
1A7 (DC - 100 HZ)  
500 msec/cm 
F i g u r e  3 3 .  
EOG 3.0 HZ 
CLV 20 - cm 
100 Microvol t  P-P S igna l  
Tektronix 1 A 7  (1 Megohm Load) 
1 A 7  (DC - 100 HZ)  
100 msec/cm 
I-lV 20 
F i g u r e  3 4 .  
EOG 35  H Z  
100 Microvol t  P-P S igna l  
Tektronix 1A7 (1 Megohm Load) 
1A7 (DC - 100 H Z )  
cm 
10 msec/cm 
I - 53 - 
500 msec/cm 
100 msec/cm 
10 msec/cm 
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mv 1 -  
cm 
Figure 38. 
EOG 0.5 HZ 
5000 Microvolt P-P S igna l  
Tektronix 1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ) 
F i g u r e  39. 
EOG 3.0 HZ 
5000 Microvolt  P-P S i g n a l  
Tektronix 1A7 (1 Megohm Load) 
mv 1 -  cm 
1 A 7  (DC - 100 HZ) 
Figure  40 .  
mv 1 -  
cm EOG 35 HZ 
5000 Microvolt  P-P S igna l  
Tcktronix 1A7 (1 Megohm Load) 
1 A 7  (DC - 100 H Z )  
500 msec/cm 
100 msec/cm 
10 msec/cm 
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Figure 41. 
EMG 0.5 HZ 
100 Microvolt  P-P S igna l  
Tektronix 1A7 (1 Megohm Load)  
1A7  (DC - 100 HZ) 
20 IJ.v cm 
F igure  4 2 .  
EMG 3.0 HZ 
100 Microvol t  P-P S igna l  
Tek t ron ix  1A7 (1 Megohm Load)  
1A7 (DC - 100 HZ) 
PV 
2o cm 
F i g u r e  4 3 .  
EMG 35 HZ 
inn L"" M J  I . r L C r G v G l t  F P  Signsl 
Tek t ron ix  1 A 7  ( 1  Megohm Load) 
1 A 7  (DC - 100 HZ) 
VV 20 - cm 
500 rnsec/cm 
100 msec/cm 
10 msec/cm 
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Figure 44.  
EMG 0.5 HZ 
200 
cm 
1000 Microvolt P-P S igna l  
Tektronix 1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ) 
F i g u r e  4 5 .  
EMG 3.0 H Z  
1000 Microvolt  P-P S igna l  
Tektronix 1 A 7  ( 1  Megohm Load) 
1 A 7  (DC - 100 HZ)  
200 E 
c m  
F i g u r e  4 6 .  
EMG 35 HZ 
1000 Microvolt  P-P S igna l  
Tektronix 1A7 ( 1  Megohm Load) 
1A7 (DC - 100 H Z )  
200 E cm 
100 msec/cm 
I - 57 - 
I mv Figure 47. 1 -  cm 
EMG 0.5 HZ 
5000 Microvolt  P-P S igna l  
Tektronix 1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ) 
mv 1 -  cm 
F igure  48. 
EMG 3.0 HZ 
5000 Microvol t  P-P S igna l  
Tektronix 1A7 (I Megohm Load) 
1A7 (DC - 100 HZ) 
mv 
1 -  cm 
F igure  49. 
EMG 35 HZ 
5000 Microvo l t  P-P S igna l  
Tek t ron ix  1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ) 
500 msec/cm 
100 msec/cm 
10 msec/cm 
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Figure  50. 
EKG 0.5 H Z  
100 Microvolt  
Tektronix 1A7  
1 A 7  (DC - 100 
20 
P-P 
(25 
HZ) 
Signal  
1 K  Load) 
F igure  51. 
EKG 3.0 HZ 
100 Microvolt  P-P S igna l  
Tektronix 1A7  (251K Load) 
1A7(DC - 100 HZ) 
20 
F igu re  52. 
EKG 35 HZ 
100 Microvolt P-P Signal  
Tektronix 1A7 (251K Load) 
1 A 7  (DC - 100 H Z )  
20 
500 msec/cm 
e CLV 
cm 
100 msecjcm 
i - 59 - 
500 msec/cm 
100 msec/cm 
10 msec/cm 
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F i g u r e  56. 
EKG 0.5 HZ 
4000 Microvolt P-P S i g n a l  
Tektronix 1A7 (251K Load) 
1A7 (DC - 100 HZ) 
1 mv 
cm 
500 msec/cm 
mv 1 -  c m  
F i g u r e  57. 
EKG 3.0 HZ 
4000 Microvolt  P-P Signal  
Tektronix 1A7 (251K Load) 
1A7 (DC - 100 HZ) 
100 msec/cm 
F i g u r e  58. 
EKG 35 HZ 
4000 Microvolt  P-P Signal  
Tektronix 1 A 7  (251K Load) 
1 A 7  (DC - 100 HZ) 
1 mv 
cm 
L
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Figure  59. 
CLV 10  - 
EEG 0.5 HZ cm 
10 Microvol t  P-P S igna l  
Ke i th l ey  103 i n t o  
Tektronix 1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ) z) 
I 
cm 
103 (0.1 - 100 HZ) (G = 1000) 
500 msec/cm 
100 msec/cm 
10 msec/cm 
- 5 2  - 
Figure 62 .  
PV 20 -
EEG 0.5 HZ cm 
80 Microvolt  P-P Signal  
Kei thley 103 i n t o  
Tektronix 1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ) (20 E) 
103 (0.1 - 100 HZ) (G = 1000) 
cm 
100 msec/cm 
10 msec/cm 
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Figure 65. 
EEG 0.5 HZ 
500 Microvolt P-P Signal 
Keithley 103 into 
Tektronix 1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ) x) 
I 100 
I cm 
cm 
103 (0.1- 100 HZ) (G = 1000) 
500 msec/cm 
Figure 66. 
EEG 3.0 HZ 
100 yv 
cm 
500 Microvolt P-P Signal 
Keithley 103 into 
Tektronix 1A7 ( 1  Megohm Load) 
1A7 (DC - 100 HZ) (loo 2) 
103 (0.1 - 100 HZ) (G = IOOO) 
cm 
Figure 67. 
EEG 35 HZ 
500 Microvolt P-P Signal 
Keithley 103 into 
Tektronix 1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ 
103 (0.1 - 100 HZ) (G = 1000) 
100 e cm 
E) 
cm 
10 msec/cm 
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i o 0  msec/cm 
100 msec/cm 
10 msec/cm 
~ 
- 65 - 
500 msec/cm 
Figure 72. CLV 
100 cm 
EOG 3.0 HZ 
500 Microvolt P-P S i g n a l  
Keithley 103 i n t o  
Tektronix 1A7 (1 Megohm Load) - 
1A7 (DC - 100 HZ) E) 
cm 
103 (0.1 - 100 HZ) (G= 1000) 
I 100 msec/cm 
10 msec/cm 
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Figure  74 .  
mv 1 -  
EOG 0.5 HZ cm 
5000 Microvolt  P-P S igna l  
Kei th ley  103 into 
Tektronix 1 A 7  (1 Megohm Load) 
1 A 7  (DC - 100 HZ) (1 1 ) 
103 (0.1 - 100 H Z )  (G = 1000) 
cm 
F igure  75. 
1 -  mv 
EOG 3.0 HZ cm 
5000 Microvolt  P-P S igna l  
Kei th ley  103 into 
Tektronix 1 A 7  (1 Megohm Load) 
1 A 7  (DC - 100 HZ) ( l  v) 
103 (0.1 - 100 HZ) (G = 1000) 
cm 
Figure  76. 
mv 1 -  
EOG 35 HZ cm 
5000 Microvolt  P-P S igna l  
Kei th ley  103 into 
Tektronix 1 A 7  (1 Megohm Load) 
1 A 7  (DC - 100 HZ) (1 
103 (0.1 - 100 H Z )  (G = 1000) 
) 
cm 
500 msec/cm 
100 msec/cm 
10 msec/cm 
- 67 - 
500 msec/cm 
100 msec/cm 
10 msec/cm 
Figure  80. 
EMG 0.5 EiZ cm 
1000 Microvolt  P-P S igna l  
Kei thley 103 i n t o  
Tektronix 1A7 ( 1 Megohm Load) 
200 I-lv 
1A7 (DC - 100 H Z )  (200 z) 
103 (0.1 - IO0 H Z )  (G = 1000) 
cm 
F igure  81. 
EMG 3 .O HZ 
1000 Microvolt  P-P Signa l  
Kei th ley  103 i n t o  
Tektronix 1A7 ( 1  Megohm Load) 
1 A 7  (DC - 100 HZ)  (200 E) 
103 (0.1 - IO0 HZ)  (G = 1000) 
200 cm 
cm 
F igure  82 .  
EMG 35 HZ 
1000 Microvolt  P-P S igna l  
Kei thley 103 i n t o  
Tektronix 1A7 (1 Megohm Load) 
1A7 (DC - 100 HZ) (200 E) 
103 (0.1 - 100 HZ) (G = 1000) 
200 E 
c m  
cm 
500 msec/cm 
I O  m s e c / c m  
Figure 83. 
mv 1 -  
EMG 0.5 HZ cm 
5000 Microvol t  P-P S igna l  
Kei th ley  103 i n t o  
Tektronix 1 A 7  (1 Megohm Load) 
1 A 7  (DC - 100 H Z )  ( ) 
103 (0.1 - 100 HZ) (G = 1000) 
cm 
mv 1 -  cm 
Figure  84.  
EMG 3.0 HZ 
5000 Microvol t  P-P Signal  
Ke i th l ey  103 i n t o  
Tekt ronix  1A7 (1 Megohm Load) 
1 A 7  (DC - 100 HZ) (1 
103 (0.1 - 100 HZ) (G = 1000) 
) 
cm 
F igure  85. 
mv 1 -  
EMG 35 HZ cm 
5000 Microvol t  P-P S igna l  
Ke i th l ey  103 i n t o  
Tekt ronix  1 A 7  (1 Megohm Load) 
1A7 (DC - 100 HZ) ( E) 
cm 
103 (0.1 - 100 ilz) (G = iooo) 
- 69 .- 
500 msec/cm 
L O O  msec/cm 
10 msc/cm 
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Figure  8 6 .  
EKG 0.5 HZ c m  
100 Microvolt  P-P Signal  
Kei th ley  103 i n t o  
Tektronix 1A7  (251K Load) 
20 
1 A /  (DC - 100 H Z  (20 T) 
103 (0.1 - 100 HZ) (G  = I O O O )  
c m  
500 msec/cm 
F i g u r e  8 7 .  
EKG 3.0 HZ 
20 cm 
100 Microvolt  P-P S igna l  
K e i t h l e y  103 i n t o  
Tektronix 1 A 7  (251 K Load) 
1 A 7  (DC - 100 HZ) (20 E ) 
103 (0.1 - 100 H Z )  (G = 1000) 
cm 
F i g u r e  88. 
EKG 35 HZ c m  
100 Microvolt  P-P S igna l  
K e i t h l e y  103 i n t o  
Tektronix 1 A 7  (251 K Load) 
1 A 7  (DC - 100 H Z )  (20 %) 
103 (0.1 - 100 HZ) (G = IOOO) 
20 
c m  
100 msec/cm 
10 msec/cm 
~- 
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Figure 89. 
EKG 0.5 HZ 
1000 Microvol t  P-P S igna l  
Kei th ley  103 i n t o  
Tektronix 1A7 (251 K Load) 
1 A 7  (DC - 100 HZ) (200 z) 
cm 
103 (0.1 - 100 HZ) (G  = 1000) 
200 E 
500 mseclcm 
Figure  90. 
EKG 3.0 HZ 
1000 Microvol t  P-P S igna l  
Kei th ley  103 i n t o  
Tekt ronix  1 A 7  (251 K Load) 
1 A 7  (DC - 100 HZ) (200 E ) 
200 cm 
cm 
103 (0.1 - 100 HZ) (G = 1000) 
100 msec/cm 
F igure  91. I-lV 
200 cm 
EKG 35 HZ 
1000 Microvol t  P-P S igna l  
h e L L 1 1 L e y  103 L L l L "  
Tek t ron ix  1A7 (251K Load) 
1 A 7  (DC - 100 HZ)  (200 E ) 
cm 
103 (0.1 - 100 HZ) (G = 1000) 
I, - 2 LL .I -4 n m  :-.*e 
10 msec/cm 
- 7 2  - 
Figure  92.  
EKG 0.5 HZ 
4,000 Microvolt P-P Signa l  
Kei thley 103 i n t o  
Tektronix 1 A 7  (251 K Load) 
1A7  (DC - 100 HZ) (lJ ) 
103 (0.1 - 100 HZ) 
mv 1 -  cm 
cm 
(G = 1000) 
SO0 msec/cm 
Figuse 93. mv 1 -  cm 
EKG 3.0 HZ 
4000 Microvolt P.P S igna l  
Kei thley 103 i n t o  
Tektronix 1A7 (251 K Load) 
l A 7  (DC - 100 HZ) (1 v) 
103 (0.1 - 111 HZ) (G = 100) 
cm 
, 
100 msec/cm 
10 msec/cm 
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C. Other  Tests on Act ive  Primate  Simulator 
1. Voltage Regulator  T e s t s  
A vo l t age  r e g u l a t i o n  test was made on t h e  T r i o  Labora to ry ' s  
min ia tu re ,  automatic  v o l t a g e  r egu la to r s  ( super / reg)  under a c t u a l  
ope ra t ing  cond i t ions  i n  t h e  Active Primate S imula tor .  
was v a r i e d  from no load t o  f u l l  load and t h e  change in output  
v o l t a g e  was observed. The t o t a l  change i n  vo l t age  f o r  a zero  t o  
f u l l  load  change i n  c u r r e n t  was approximately one p a r t  i n  2,000. 
The load  was v a r i e d  by switching o f f  t h e  t h r e e  o s c i l l a t o r s  and 
t u r n i n g  them on s e q u e n t i a l l y  u n t i l  a l l  t h r e e  o s c i l l a t o r s  were 
ope ra t ing  s imultaneously.  It was concluded from t h e s e  t e s t  r e s u l t s  
t h a t  t h e  performance of t he  super/reg au tomat ic  v o l t a g e  r e g u l a t o r s  
was more than  adequate t o  meet t h e  requirements of t h e  Act ive  
Pr imate  S imula tor .  
The load  
2 .  A.C. S i g n a l  Tests 
During t h e  e a r l y  phases of A.C. s i g n a l  t e s t i n g ,  a number of  h igh  
frequency r i p p l e  components were observed. 
s i g n a l s  were i d e n t i f i e d  by t h e i r  f requencies  and t r a c e d  t o  3 major 
sou rces .  
These spur ious  r i p p l e  
a.  Tuning Fork Frequencies  (1140 HZ, 100 HZ and 800 H Z l  
The t h r e e  fundamental tuning f o r k  f r equenc ie s  were a d i r e c t  
cause of t h e  spur ious  high frequency r i p p l e  s i g n a l s .  
number of  s t e p s  were taken t o  completely e l i m i n a t e  t h e s e  
spu r ious  high frequency s i g n a l s .  
A 
These s t e p s  were a s  fol lows:  
(1) The o s c i l l a t o r s  were redesigned t o  minimize 
t h e  output  of t h e  fundamental tun ing  f o r k  f r equenc ie s .  
The major c i r c u i t  modi f ica t ion  was t h e  inco rpora t ion  
of a d d i t i o n a l  f i l t e r i n g .  
(2) 
cases  t o  provide magnetic s h i e l d i n g  and minimize 
t h e  amount of f l u x  leakage. 
The o r i g i n a l  b ra s s  cases  were rep laced  by s t e e l  
(3) A steel  p l a t e  was i n s e r t e d  between t h e  tun ing  
fo rk  o s c i l l a t o r s  and t h e  low l e v e l  c i r c u i t s  i n  
Model #l. I n  Model # 2  t h e  tun ing  f o r k  o s c i l l a t o r s  
were placed a s u f f i c i e n t  d i s t a n c e  away from t h e  low 
l e v e l  c i r c u i t s  t o  e l imina te  t h e  need f o r  t h e  s t e e l  
p l a t e  magnetic sh i e ld .  
( 4 )  T C  A L -*-.- m o o  AwU.... Fe..r.ri that ..._- the high  V P I G ~ ,  wire wotlnd 
r e s i s t o r s  were ac t ing  a s  pick-up c o i l s  due t o  t h e  
l a r g e  number of tu rns  of r e s i s t a n c e  wire  r equ i r ed  
by t h e  high va lue  r e s i s t o r s .  A l l  wire  wound r e s i s t o r s  
were replaced by metal f i l m  r e s i s t o r s  which have much 
fewer t u r n s  and t h e r e f o r e  much lower induced vo l t ages .  
I n  a l l  cases  the  replacement of t h e  wire  wound 
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r e s i s t o r s  by metal  f i l m  r e s i s t o r s  completely e l imina ted  
t h e  high frequency pickup problem. 
s t r u c t e d  e n t i r e l y  of metal f i l m  r e s i s t o r s  and i n  
a d d i t i o n ,  a s  mentioned previous ly ,  t h e  p lug- in  o s c i l l a -  
t o r s  were loca t ed  a maximum d i s t a n c e  away from t h e  low 
l e v e l  c i r c u i t s .  
Hodel #2  was con- 
b. 35 HZ O s c i l l a t o r  
During t h e  i n i t i a l  t e s t s  i t  was discovered t h a t  spu r ious  35 HZ 
s i g n a l s  were observed i n  s e v e r a l  of t h e  E G  c i r c u i t s .  Thio 
wae discoveEed t o  b: due t o  c a p a c i t i v e  coupl ing i n  t h e  T e s t  
System (see  I11 B 2,  p.14), and i n d u c t i v e  coupl ing t o  t h e  low 
l e v e l ,  high r e s i s t a n c e  c i r c u i t s  i n  t h e  Act ive  Primate  S imula tor  
(as i n  I1a(4)*'above). As was mentioned previous ly ,  t h e  e l imina-  
t i o n  of the 2.828 v o l t  peak-to-peak o s c i l l a t o r  v o l t a g e s  from 
t h e  low l e v e l  s e l e c t o r  swi tches  i n  t h e  T e a t  System e l imina ted  
t h e  35 HZ Tes t  System problem and t h e  replacement of wire 
wound r e s i s t o r s  by metal  f i l m  r e s i s t o r s  as w e l l  as c a r e f u l  
mechanical layout  of t h e  c r i t i c a l  components e l imina ted  t h e  
35 HZ pickup problem i n  t h e  Act ive  Pr imate  Simulator .  
C.  Power Lfne Frequency (60 HZ) 
During i n i t i a l  checkout and debugging, 60 HZ pickup p r o b l e m  
were severe .  These were l a r g e l y  e l imina ted  by c a r e f u l  r h i e l d -  
i n g  and grounding techniques and by complete s e p a r a t i o n  of  
t h e  60 HZ power conductors  i n  t h e  T e s t  System from t h e  low 
l e v e l  c i r c u i t s .  
3.  ZPG Measurements 
2% iupedance measurements were made a t  240 IMZ. With Re s e t  a t  0 
ohms, t h e  o v e r a l l  impedance was 253 ohms; with Rz set a t  10 ohm, 
t h e  o v e r a l l  impedance wae 263 ohms; with Re s e t  a t  20 ohms, t h e  
o v e r a l l  impedance was 273 ohms, The change i n  t h e  computed ZPG 
impedance va lues  check q u i t e  c l o s e l y  with t h e  d i r e c t l y  measured 
value8 of Rz. 
4.  Tests on Blood P res su re  Channels 
T e s t e  on t he  blood p r e s s u r e  c i r c u i t s  r e s u l t e d  i n  t h e  fo l lowing  
measurements f o r  r e s i s t a n c e  and v o l t a g e .  
The o v e r a l l  b r idge  r e s i s t a n c e  va lue ,  which war computed t o  be 350 
ohms, wa8 measured t o  be approximately 352 ohme, The a d d i t i o n a l  
2 ohm was t r aced  t o  t h e  r e s i s t a n c e  of t h e  6 f e e t  of w i r e  i n  t h e  
blood p r e r s u r e  cable .  
With t h e  Rc r e s i s t a n c e  s e l e c t o r  swi t ch  e e t  a t  t h e  i n f i n i t y  p o r i t i o n ,  
t h e  25,000 ohm potent iometer  was a d j u s t e d  t o  g i v e  zero  v o l t a g e  putput  
wi th  11 v o l t s  suppl ied  t o  t h e  blood p r e s s u r e  network through a 3.5K 
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series r e s i s t o r .  With t h e  R c  s e l e c t o r  switch set  a t  t h e  80.6 K 
p o s i t i o n  a reading of 1.3 m i l l i v o l t s  was obtained and with t h e  
Rc s e l e c t o r  switch se t  a t  t h e  40.2 K pos i t i on ,  a reading of 
approximately 2.6 m i l l i v o l t s  was obtained. The readings were 
s i m i l a r  f o r  a l l  6 blood p res su re  c i r c u i t s .  
D.  Operating Experience 
A s  a d i r e c t  r e s u l t  of o p e r a t i n g  experience with t h e  Act ive Primate Simulator  
a t  t h e  General E l e c t r i c  f a c i l i t y  t he  following changes, c o r r e c t i o n s  and 
improvements were made t o  the  Simulator:  
1. Banana Jack  type p lug - in  grounds were incorporated i n  both 
the  Simulator  and t h e  Tes t  System. This provided g r e a t e r  con- 
venience i n  connecting t h e  cathode ray o s c i l l o s c o p e  ground t o  
e i t h e r  t h e  Simulator  ground o r  t h e  Test  System ground. 
2 .  A l l  trimer potent iometers  were rewired so  t h a t  clockwise 
r o t a t i o n  of t h e  t r i m e r  c o n t r o l s  r e s u l t s  i n  an i n c r e a s e  i n  
vo l t age  a t  t he  output  terminals .  
3. 
r e s i s t o r s  i n  Model 81 i n  o r d e r  t o  reduce no i se ,  pickup and r i p p l e .  
Model #2 was constructed e n t i r e l y  of  metal f i l m  r e s i s t o r s .  The use 
of metal  film r e s i s t o r s  minimized t h e  problems due t o  pickup. 
A number of w i r e  wound r e s i s t o r s  were replaced by metal  f i l m  
4.  The trimmer potent iometers  i n  the  EEG 10 microvol t  channel 
and t h e  EKG 100 microvol t  channel were inc reased  i n  value i n  o r d e r  
t o  provide a g r e a t e r  range of amplitude adjustment.  
5. The s e r i e s  r e s i s t a n c e s  i n  t h e  vo l t age  r e g u l a t o r  c i r c u i t s  were 
changed i n  o r d e r  t o  g ive  improved vol tage r e g u l a t o r  performance. 
6. The Fork Standards plug-in o s c i l l a t o r s  were returned t o  t h e  
manufacturer,  i n  o r d e r  t o  make t h e  following mod i f i ca t ions  and 
improvements . 
a. E m i t t e r  fol lower c i r c u i t s  were incorporated i n t o  t h e  
o s c i l l a t o r s  i n  o r d e r  t o  minimize t h e  e f f e c t  of loading on 
t h e  o s c i l l a t o r s .  
b.  The b r a s s  cases  were replaced with s t e e l  ca ses  i n  o r d e r  
t o  provide a modest amount of magnetic s h i e l d i n g  t o  reduce 
t h e  high frequency r i p p l e  p re sen t  i n  t h e  low l e v e l  EEG 
c i r c u i t s  due t o  t h e  fundamental tuning f o r k  frequencies .  
c .  The high frequency r i p p l e  i n  t h e  o s c i l l a t o r  output  
v o l t a g e s  w a s  s u b s t a n t i a l l y  reduced by c i r c u i t  redesign, i m -  
proved f i l t e r i n g  and o t h e r  c i r c u i t  mod i f i ca t ions .  
d. E x t e r n a l l y  a v a i l a b l e  amplitude c o n t r o l 8  were added t o  
t h e  plug-in o s c i l l a t o r s  so t h a t  they could be i n d i v i d u a l l y  
ad jus t ed  . 
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7.  As a d i r e c t  r e s u l t  of o s c i l l a t o r  c i r c u i t  mod i f i ca t ions ,  high 
frequency p a r a s i t i c  o s c i l l a t i o n s  were observed i n  the o s c i l l a t o r s .  
The p a r a s i t i c  o s c i l l a t i o n s  were el iminated by t h e  a d d i t i o n  of RF 
suppression c i r c u i t s .  
8. 
t o  provide s t r a i n  r e l i e f .  
A clamp was added t o  t h e  e x t e r n a l  b a t t e r y  connector i n  o r d e r  
9. The S p e c t r o l  s e l e c t o r  switches were replaced by p o s i t i v e  snap 
ac t ion .Alco  s e l e c t o r  switches.  This was done because t h e  S p e c t r o l  
s e l e c t o r  switches were d e l i c a t e  and d i f f i c u l t  t o  a d j u s t .  
10, One s i d e  of Temperature #l channel was grounded t o  t h e  AGE 
c h a s s i s .  This  g r e a t l y  reduced the no i sc  on h i s  channel.  
11. The value of the charging p i l o t  l i g h t  s e r i e s  r e s i s t a n c e  was 
decreased i n  o r d e r  t o  i n c r e a s e  t h e  b r igh tness  of the lamp f o r  b e t t e r  
v i s i b i l i t y .  
12. The DPDT b a t t e r y  t e s t  switch was replaced! by a s p r i n g  r e t u r n  
t o  cen te r  switch t o  e l i m i n a t e  t h e  p o s s i b i l i t y  of a c c i d e n t l y  d i s -  
charging t h e  b a t t e r y .  
13. The frequency s e l e c t o r  switching c i r c u i t s  were s i m p l i f i e d  by 
using a s i n g l e  deck i n s t e a d  of a t h r e e  deck switch,  s i n c e  t h e  power 
i n t e r l o c k  c i r c u i t r y  o r i g i n a l l y  incorporated i n  t h e  frequency 
switching c i r c u i t s  t o  conserve b a t t e r y  power were found t o  be 
unnecessary . 
14. A head connector ex tens ion  a d a p t e r  was cons t ruc t ed  t o  a l low 
t h e  UCLA head cab le s  t o  be e a s i l y  plugged i n t o  t h e  recessed head 
connector r e c e p t a c l e  of t he  Act ive Primate Simulator .  
15. 
cable  t o  provide f o r  more convenient connection. 
A s h o r t  ex tens ion  cab le  was made up f o r  t h e  Temperature #I 
16.  
A microdot connector was used f o r  t h e  Temperature 8 2  channel i n  the  
body l eads  cable .  S i m i l a r  changes were made i n  t h e  AGE cablee t o  
conform with t h e  changes i n  t h e  body l eads  cab le .  
J i f f y  connectors were inco rpora t ed  i n  the body l e a d s  cab le .  
17.  The o s c i l l a t o r  package f o r  Simulator  #2  was placed a t  t h e  
bottom of  the  Simulator i n s t e a d  of t h e  top a s  i n  Model ill. 
f u r t h e r  reduced c r o s s t a l k  and pickup i n  t h e  low l e v e l  EEG channels.  
This  
18. 
o f  t h e  s imulators .  The use of t h e s e  f u s e s  w i l l  minimize t h e  p o s s i -  
b i l i t y  of a c c i d e n t a l  s h o r t  c i r c u i t s  on t h e  b a t t e r y  packs,  which can 
cause cons ide rab le  damage due t o  t h e  h igh  s h o r t  c i r c u i t  c u r r e n t  
capac i ty  o f  these b a t t e r i e s ,  
Picofuses  of 5 ampere, 125 v o l t  c a p a c i t y  were i n s t a l l e d  i n  both 
19.  A 1/32 inch t h i c k  s h e e t  of p l e x i g l a s s  was cemented t o  the  f r o n t  
su r f ace  of each b a t t e r y  case  t o  p r e v e n t  c o n t a c t  w i th  t h e  f r o n t  panel  
terminals  and wir ing.  All o t h e r  s u r f a c e s  were i n s u l a t e d  with Lamart 
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T-18 Tef lon  Vinyl  Laminate. 
pack f o r  Model #l were modified so t h a t  a l l  f o u r  b a t t e r y  packs are 
in te rchangeable  with r e spec t  t o  both S imula tor  81 and Simula tor  #2. 
These mounting modi f ica t ions  w i l l  make i t  almost impossible  t o  i n s t a l l  
t h e  b a t t e r y  pack i n c o r r e c t l y ,  s i n c e  t h e  b a t t e r y  pack w i l l  be capable  
of be ing  i n s t a l l e d  i n  only one way. 
t h e  replacement of discharged b a t t e r y  packs dur ing  extended t e s t s .  
The mounting d e t a i l s  of  t h e  b a t t e r y  
These changes were made t o  s i m p l i f y  
20. Two b a t t e r y  l e t  down d i scha rge  f i x t u r e s  were suppl ied  wi th  t h e  
S imula tors ,  i n  o rde r  t o  i n s u r e  t h a t  each b a t t e r y  c e l l  d i scha rges  t o  
zero  vo l t age .  The l e t  down discharge f i x t u r e s  c o n s i s t  of a bank of  
t e n  0.5 ohm r e s i s t o r s  connected i n  s e r i e s  and a t t ached  t o  s u i t a b l e  
connectors  t o  a l low f o r  easy connection t o  t h e  b a t t e r y  power pack. 
21 .  A log  s h e e t  was a t t ached  t o  the back s u r f a c e  of each b a t t e r y  
case ,  having t h e  fol lowing information:  
a .  B a t t e r y  Pack S e r i a l  No. 
b. F i l l i n g  Date 
C.  Date of Each Letdown Discharge 
22.  When a s i n g l e  c e l l  i n  a given  b a t t e r y  pack has  f a i l e d  and t h e  
b a t t e r y  pack is shown t o  be c l o s e  t o  t h e  end of i t s  l i f e  (i.e., c l o s e  
t o  t h e  6 month r a t e d  s h e l f  l i f e ) ,  the e n t i r e  b a t t e r y  pack w i l l  be 
r ep laced ,  i n s t e a d  of r ep lac ing  t h e  s i n g l e  f a i l e d  c e l l .  This  procedure 
has  been i n s t i t u t e d  i n  o rde r  t o  minimize t h e  "down time" caused by 
s i n g l e  ce l l  f a i l u r e  i n  a b a t t e r y  pack which i s  known t o  be c l o s e  t o  
t h e  end of i t s  s p e c i f i e d  l i f e .  I n  the  event  of a s i n g l e  c e l l  f a i l u r e  
on a new b a t t e r y  pack, t h e  c e l l  w i l l  be  rep laced  and not  t h e  e n t i r e  
b a t t e r y  pack. 
23. It was observed during tes t  and c a l i b r a t i o n  procedures  t h a t ,  
t o  g e t  agreement between measurements taken by t h e  Tekt ronix  lA7 
Ampl i f i e r  and measurements taken  by t h e  Ke i th l ey  103 A a p l i f i e r ,  i t  
was necessa ry  t o  provide adap te r  cables  wi th  r e s i s t a n c e  networks 
t o  compensate f o r  t h e  inpu t  impedances of t h e  instrument#.  When t h e  
a d a p t e r  c a b l e s  a r e  proper ly  i n s t a l l e d ,  i d e n t i c a l  load impedances a r e  
seen  by t h e  s i g n a l  gene ra to r s  using e i t h e r  t h e  1 A 7  o r  t h e  103 Ampl i f ie rs  
and t h e  readings  obtained by both ins t ruments  were in s u b e t a n t i a l  
agreement.  
E. Acceptance T e a t s  
1. Hi-pot  Tests 
During t h e  General  E l e c t r i c  acceptance tests, 3 f a i l u r e s  were found 
d u r i n g  h i - p o t  test  on t h e  Tes t  System and one f a i l u r e  dur ing  t h e  
S f ~ ~ l = t c r  h i - 2 ~ ~  :=et_.
s h o r t i n g  between t h e  s h i e l d  and the c e n t e r  conductor of t he  sh i e lded  
c a b l e e .  
paemed t h e  h i - p o t  t e s t  s a t i s f a c t o r i l y .  
7*(pse fear hi-pot f a i l u r e s  were due t o  p a r t i a l  
A f t e r  r e p a i r s  were made, both t h e  Test System and t h e  Simulator  
2. EHI Tests 
It was no t i ced  dur ing  EM1 t e s t i n g  t h a t  t h e  Simulator  was r a d i a t i n g  
v e r y  low l e v e l  270 MHZ o s c i l l a t i o n s .  This  was t r aced  t o  t h e  o s c i l l a t o r s  
and was probably due t o  the  o a c i l l a t o r  e m i t t e r  fo l lower  c i r c u i t .  
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According to General Electr ic  personnel, the frequency was high enough 
and o f  a su f f i c i ent ly  low l eve l  to be  dioregarded. 
opinion of General Electr ic  personnel, the resul ts  of the EM tests 
on the Active Primate Simulator were considered sat i s factory .  
Therefore, i n  the 
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FINAL SPECIFICATION FOR ACTIVE PRIMATE SIMULATOR 
PROJECT BIOSATELLITE (REFER TO DOCUMENT #883-11-14, Rev. 1, March 27, 1967) 
GENERAL TECHNICAL SERVICES, Rev. 3 ,  February 1, 1968. 
1.0 
2.0 
2.1 
2 b 2  
2.3 
2.4 
3.0 
3.1 
3,2 
3.3 
Scope - This s p e c i f i c a t i o n  covers one type of pr imate  s i m u l a t o r  
used t o  (1) s imula t e  v a r i o u s  primate parameters and ( 2 )  s t i m u l a t e  
t h e  s i g n a l  cond i t ione r s  i n t e r f a c i n g  w i t h  t h e  primate.  The s i m u l a t o r  
type and q u a n t i t i e s  r equ i r ed ,  i s  i d e n t i f i e d  as fol lows:  
(1) Active Simulator,  2 
Applicable  Documents 
MIL-STD-130B I d e n t i f i c a t i o n ,  Marking of M.S. M i l i t a r y  P rope r ty ,  
4/24/62. 
MS-33586 Metals, D e f i n i t i o n  of Dissimilar. 
Electromagnet ic  Compatibi l i ty  T e s t  S p e c i f i c a t i o n s .  
F i n i s h e s  and Coatings b 
Wiring and E l e c t r i c a l  Connectors, AGE. 
P r e p a r a t i o n  f o r  Delivery.  
NASA/ARC Documents 
Document M83-11-10, BIOSATELLITE Experiment Technical  Requirements. 
NASA/ARC Drawings 
A 12774, UCLA Experiment In t e rconnec t  Diagram 
A 12766, USC Experiment Interconnect  Diagram 
A 12779, R e s t r a i n t  Couch I n t e r f a c e  
A 12780, Primate I n t e r f a c e  
A 12876, Primate Urine and Feces C o l l e c t i o n  I n t e r f a c e s  
A 12885, USC Heparin Block. 
GTS ,Drawings 
GTS-9008, Block Diagram: Active Primate Simulator 
GTS-9009, Schematic Wiring Diagram: Act ive P r i m a t e  Simulator 
GTS-9010, Connector Diagram: Ac t ive  Primate Simulator.  
I n  case of  a c o n f l i c t  between t h i s  s p e c i f i c a t i o n  and t h e  above 
r e fe renced  documents, t h i s  s p e c i f i c a t i o n  s h a l l  t ake  precedence. 
Requirements 
Acceptance Requirements - The s i m u l a t o r s  fu rn i shed  under t h i s  spec- 
i f i c a t i o n  s h a l l  be t e s t e d  t o  s a t i s f y  t h e  Acceptance Test Require- 
ments i n  Sec t ion  4. 
R e l i a b i l i t y  of t he  hardware connected t o  o r  i n t e r f a c i n g  wi th  t h e  
s i m u l a t o r s  s h a l l  no t  be degraded when used wi th  t h e  s imula to r s .  
Materials 
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3.3.1 S e l e c t i o n  O f  P a r t s ,  M a t e r i a l s ,  and Processes 
Parts s h a l l  be s e l e c t e d  t o  meet t he  f u n c t i o n a l  requirements of 
t h i s  s p e c i f i c a t i o n  and s h a l l  meet t h e  environmental  s t r e s s e s  
def ined i n  t h i s  s p e c i f i c a t i o n  and referenced a p p l i c a b l e  documents. 
3.3.2 Ma t e r i a  1 s- 
Mate r i a l s  used s h a l l  be of a type,  grade,  and q u a l i t y  which i s  
s u f f i c i e n t  t o  ensure the  proper  ope ra t ion  of t h e  s i m u l a t o r s  i n  
conformance wi th  t h i s  s p e c i f i c a t i o n .  
3.4 P r o t e c t i v e  Treatment - When m a t e r i a l s  used i n  t h e  c o n s t r u c t i o n  
of the s imula to r s  a r e  s u b j e c t  t o  d e t e r i o r a t i o n  when exposed t o  
c l i m a t i c  and environmental  cond i t ions  l i k e l y  t o  occur du r ing  s e r v -  
i c e  usage, they s h a l l  be p r o t e c t e d  a g a i n s t  such d e t e r i o r a t i o n  i n  a 
manner t h a t  w i l l  i n  no way prevent  compliance w i t h  t h e  performance 
requirements of t h i s  s p e c i f i c a t i o n .  
3.5 Design and Construct ion - This  component s h a l l  be of t h e  design 
and c o n s t r u c t i o n  s p e c i f i e d  on t h i s  s p e c i f i c a t i o n .  
3.5.1 Safety Provis ions - Prov i s ions  f o r  t h e  s a f e t y  of pe r sonne l  s h a l l  be 
inco rpora t ed  t o  t h e  maximum e x t e n t  p o s s i b l e  wi th  regard t o  a n t i c i -  
pated o p e r a t i n g  cond i t ions  and the  c a p a b i l i t y  of o p e r a t i n g  personnel .  
3.5.2 Maintenance P rov i s ions  - Ease and s i m p l i c i t y  of maintenance s h a l l  
be a gene ra l  design o b j e c t i v e .  Components and p a r t s  r e q u i r i n g  
f r equen t  maintenance o r  adjustment  s h a l l  be as a c c e s s i b l e  as 
p o s s i b l e .  
3.5.3 Nameplates and Marking 
3.5.3.1 I d e n t i f i c a t i o n  - Components, a s sembl i e s ,  and p a r t s  s h a l l  be marked 
f o r  i d e n t i f i c a t i o n  i n  accordance wi th  Standard MIL STD-130 as a 
guide.  
3.5.4 I n t e r c h a n p e a b i l i t y  - A l l  p a r t s  having the  same manufac tu re r ' s  p a r t  
number s h a l l  bc in t e rchangeab le  wi th  each o t h e r  w i th  r e s p e c t  t o  
performance. 
3.5.5 Design - 
a p p l i c a b l e  docurncnts de f ined  i n  S e c t i o n  2. 
The s i m u l a t o r s  s h a l l  be designed t o  be compatible w i t h  a l l  
3.6 Performance - Performance requiremedts  f o r  t h e  s i m u l a t o r s  a r e  as 
fol lows:  
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I( 
3.6.1 
I 
I 
3.6.1.1 
3.6.1.2 
3.641.3 
3.6.1.4 
3.6.1.5 
3.6.1.6 
3.6.1.7 
Act ive Simulators - The active s imula to r  s h a l l  provide t h e  capab i l -  
i t y  t o  c a l i b r a t e  a l l  t he  e l e c t r i c a l  d a t a  l i n e s  of t h e  types i n d i -  
ca t ed  i n  Figure 1 which i n t e r f a c e  wi th  t h e  primate.  
The ou tpu t s  shown i n  Figure 1 s h a l l  be provided i n  t h e  fol lowing 
comb h a ;  t ions : 
A l l  s i m u l a t o r  ou tpu t  channels of t h e  same type s h a l l  be switched 
concur ren t ly  a t  t h e  3 vo l t age  l eve l s  and t h e  3 f r equenc ie s  shown i n  
Figure 1. This a p p l i e s  t o  EEG, E K ,  EOG, and EKG, (See GTS-9008 
a t t a c h e d . )  The two temperature channels and t h e  6 Blood P res su re  
channels w i l l  be i n d i v i d u a l l y  a d j u s t a b l e .  
Output impedances of the s imula to r  channels s h a l l  be as de f ined  i n  
F igu re  1. The s i g n a l  cond i t ione r  impedances i n t o  which t h e  simu- 
l a t o r  ope ra t e s  a r e  t o  be considered 1 megohm o r  g r e a t e r  f o r  EEG, EOG, 
EMG. The EKG s i g n a l  cond i t ione r  impedance is 260K - k 1%. 
Maximum al lowable noise l e v e l s  of  each s i m u l a t o r  channel output  
s h a l l  be as shown i n  F igu re  1. 
The a c t i v e  s i m u l a t o r  s h a l l  provide i t s  own power source capable of 
a t  l e a s t  24 hours of continuous ope ra t ion  without  deg rada t ion  of 
t h e  amplitude o r  frequency of  the Simulator  ou tpu t  S igna l s .  The 
power source s h a l l  be e a s i l y  replaced when expended o r  s h a l l  be 
recharged. The use of b a t t e r i e s ,  i n t e r n a l  t o  t h e  s i m u l a t o r ,  as the  
power source is recommended. 
The a c t i v e  s imula to r  F h a l l  be capable of connect ing t o  the prime 
s i g n a l  cond i t ione r  harnesses  with t h e  minimum s i m u l a t o r  lead length.  
It s h a l l  be a design goa l  t o  package t h e  a c t i v e  s i m u l a t o r  s o  t h a t  
i t  can be loca ted  w i t h i n  the defined envelope of t h e  primate w i t h i n  
t h e  capsule .  ( I n t e r f a c e  Drawing A 12789). The envelope of t h e  
s i m u l a t o r  s h a l l  be 16 inches x 7 inches x 4 inches.  
The s i m u l a t o r ,  i t s  power supply,  and a l l  w i r e s  emanating from t h e  
s i m u l a t o r  s h a l l  be e l e c t r i c a l l y  s h i e l d e d  t o  i n s u r e  low n o i s e  opera- 
t i o n  under a normal l abora to ry  environment. This s h i e l d  system 
shall be f l o a t i n g  and s h a l l  be capable o f  being connected t o  an  
e x t e r n a l  ground. 
The s imula to r  i t s e l f  s h a l l  be capable of a t  least  24 hours of con- 
t i nuous  ope ra t ion .  
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3.6.1.8 
3.6.1.9 
3.6.1.10 
3.6.1.11 
3.6.1.12 
3.6.1.13 
3.6.1.14 
I n d i c a t o r  lamps drawing no more than  8 m . a .  f o r  Power-On and Charge 
Cycle i n d i c a t i o n s  w i l l  be provided. 
The Power-On switch and the  Charge Cycle switch w i l l  be i n t e r -  
locked S O  t h a t  t h e  power t o  t h e  s imula to r  w i l l  be a u t o m a t i c a l l y  
i n t e r r u p t e d  during the charging process .  
A l l  c o a x i a l  cab le  w i l l  be Microdot 250-3804 (Simulator #l), and 
Microdot 250-3823 (Simulator #2). 
A b a t t e r y  t e s t  switch and b a t t e r y  meter w i l l  be provided. 
An interchangeable  plug-in b a t t e r y  pack w i l l  be provided. 
A t r a n s p a r e n t  see-through door with an  e l e c t r o s t a t i c  s h i e l d i n g  
e f f i c i e n c y  o f  a t  l e a s t  65% of t h a t  of aluminum w i l l  be provided 90  
t h a t ,  once the c o n t r o l s  a r e  s e t ,  a c c i d e n t a l  changes t o  the  con- 
t r o l s  w i l l  be e l imina ted .  The s h i e l d e d  t r a n s p a r e n t  door w i l l  a b 0  
provide a d d i t i o n a l  s h i e l d i n g  f o r  t he  switches and c o n t r o l s  mounted 
on the f r o n t  panel .  
A Voltage Regulator t e s t  connector ,  a b a t t e r y  c e l l  t e s t  connector ,  
and a b a t t e r y  t e s t  connector w i l l  be provided s o  t h a t  measurements 
can be made using t h e  AGE equipment. 
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3.7 Service Conditions - Operating - The simulators shall perform in 
accordance with paragraph 3.6 while subjected to the following 
conditions: 
a. Temperature - +6OoF to +90°F 
b. Humidity - 5% to 95% RH 
c. Pressure - 13.2 psia to 16.2 psia. 
3.8 Service Conditions - Non-Operating - The simulators shall operate 
satisfactorily in accordance with paragraph 3.6 after being sub- 
jected to the following conditions for a period of up to two years: 
a. Temperature - -2 5'F to +12 5'F 
b. Humidity - 5% to 100% RH (with condensation in the 
form of water or frost when suitably 
protected by shipping container. 
c. Pressure - 4.37 psia to 16.2 psia 
d. Vibration 
(transportation): Specification is as follows: 
Frequency (cps) Double Amplitude 
+1.3 g rms 
+5 g rms 
5-27 - 
27-52 0.036 inch 
- 52 - 500 
(as modified by shipping container) 
e. Shock 
(transportation): Specifications are as follows: 
(1) Packaged 
Truck - 8 g's, 5 to 40 milliseconds 
Air - Vertical: 5.5 g's, 10 to 30 milliseconds 
- Lateral: 1.5 g ' s ,  10 to 30 milliseconds 
- Longitudinal: 0.8 g's, 10 to 30 milliseconds 
16 to 30 inches depending on s i z e :  Edgewise 
and corner rotational drops of 12 to 36 in 
inches, depending on size (as modified by 
Handling - Shocks resulting from free fall drops of from 
Y..LrrA..b chfnn4nn ennt-a+nPr\  -- .. ------, - 
(2) Unpackaged 
Free fall drop of 1 inch and rotational drops of 6 
inches. 
f .  Acceleration 
(transportation)- As required to meet transportability re- 
quirements, 3 g's in any direction acting 
independently . 
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3.9 
3.9.1 
3,962 
3.9.3 
3,lO 
4.0 
4.1 
4.1,l 
4.1.1.1 
4.1.1.2 
4.2 
4.3 
L i f e  -
Operat ing - 
(excluding power source f o r  a c t i v e  s imula to r )  of 2000 hours  w i t h  
reasonable  s e r v i c i n g  and replacement of par t s ,  and a n  o v e r a l l  pos- 
s i b l e  l i f e  t i m e  g o a l  of f i v e  (5) yea r s .  
The s imula to r s  s h a l l  have a minimum a n t i c i p a t e d  l i f e  
Storage - The Simulators  s h a l l  be capable of o p e r a t i o n  p e r  para-  
graph 3.6 a f t e r  two (2) yea r s  i n  a s h e l t e r e d  environment as de f ined  
i n  s e c t i o n  3.8. 
spec  i f  ica t ion. 
Batteries must be s t o r e d  d ry  t o  s a t i s f y  t h i s  
Weight 
pounds. 
- The weight of t h e  a c t i v e  s i m u l a t o r  s h a l l  n o t  exceed 30 
AGE s h a l l  be provided t o  perform a l l  necessa ry  check-out and c a l i b r a -  
t i o n  of t he  s imula to r s  def ined i n  t h i s  s p e c i f i c a t i o n .  The AGE s h a l l  
be capable of connecting t o  a l l  e l e c t r i c a l  s i m u l a t o r  ou tpu t s  and 
shall provide the  necessary c i r c u i t r y  t o  make t h e  d e s i r e d  parameters 
a v a i l a b l e  t o  s t anda rd  readout  equipment such as o s c i l l o s c o p e s ,  
meters ,  etc.  
Qua l i ty  Assurance P rov i s ions  
C l a s s i f i c a t i o n  of Tests - Each s i m u l a t o r  s h a l l  be s u b j e c t e d  t o  
acceptance t e s t s ,  t o  , assure  compliance t o  t h i s  s p e c i f i c a t i o n  and t h e  
drawing. 
Acceptance Tests - The fol lowing tests s h a l l  c o n s t l t u t e  t h e  
acceptance t e s t s .  (See 4.4) 
Visual  Examination - Examination of t h e  product  t o  ensu re  con- 
formance wi th  t h e  drawing. 
Funct ional  T e s t s  - 
conformance wi th  t h i s  s p e c i f i c a t i o n .  (See 4 .4 .2 )  
(See 4.4.1) 
Tests t o  ensu re  performance of t h e  product  i n  
Re jec t ion  and R e t e s t  - Any s i m u l a t o r  which does n o t  meet t h e  r e -  
quirements of t he  acceptance tests i n  t h i s  s p e c i f i c a t i o n  s h a l l  be 
considered f a i l e d  and s h a l l  be r e j e c t e d .  Upon c o r r e c t i o n  of a 
f a i l u r e  the Simulator  s h a l l  be r e t e s t e d  p e r  s e c t i o n  4.4 u n l e s s  r e -  
quirements a r e  s p e c i f i c a l l y  waived by NASA. 
T e s t  Conditions - 
ambient cond i t ions  : 
A l l  tests s h a l l  be performed under t h e  fol lowing 
- 77'F 4- 10°F a. Temperature 
b. R e l a t i v e  Humidity - 90% maximum 
c. Barometric P r e s s u r e  - 29 t o  32 inches Hg 
- 
- __ ~ 
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4 6 3 . 1  Test Equipment - Laboratory apparatus  c a l i b r a t e d  a t  i n t e r v a l s  
p rope r ly  spaced t o  a s s u r e  accuracy, s h a l l  be used t o  tes t  t h e  
product  f o r  s p e c i f i c a t i o n  compliance. Accuracy of tes t  equipment 
s h a l l  exceed t e n  times t h e  accuracy requirement of t h e  parameter 
being measured where poss ib l e .  
I 
~ 4.4 Acceptance Tests 
4.4.1 Vi sua l  Examination - Each s imulator  s h a l l  be v i s u a l l y  in spec ted  f o r  
conformance of manufacture, f a b r i c a t i o n ,  and markings wi th  t h i s  
s p e c i f i c a t i o n ,  t h e  referenced drawings, and a l l  working drawings. 
464.2 Func t iona l  Tests 
4.4.2.1 Power - Self-contained rechargeable b a t t e r i e s  w i l l  be  ueed. 
4.4.2,2 Continui ty  Test - Continui ty  tests s h a l l  be performed wi th  s i m u l a t o r  
power o f f  t o  ensure t h a t  a l l  po r t ions  of a s imula to r  are connected 
i n  accordance wi th  t h e  schematic and w i r i n g  diagrams. 
4,4.2.3 E l e c t r i c a l  T e s t  - The a c t i v e  Simulator s h a l l  be energized and per-  
I formance measured t o  ensure t h a t  a l l  func t ions  are  i n  accordance 
w i t h  t h e  requirements of paragraphs 3.6 through 3.10. The i n -  
I a b i l i t y  6f  t h e  s i m u l a t o r  t o  perform w i t h i n  the  a l lowab le  t o l e r a n c e s  
shown w i t h i n  o r  r e fe renced  i n  s e c t i o n  3.6 s h a l l  be cause f o r  r e j e c -  
t l o n  pe r  s e c t i o n  4.2. 
4.4.2.4 EM1 Tes t s .  
4.4.2.4.1 _Environment 
The s imula to r  may be exposed t o  normal 60 cyc le  r a d i a t i o n  and t o  
broad band ambient r a d i a t i o n  i n  t h e  15 KHz t o  400 MHz range w i t h  a 
f i e l d  i n t e n s i t y  of 1 volt/rneter maximum. 
4.4.2.4.2 S u s c e p t i b i l i t y .  
Any type of s h i e l d i n g  o r  f i l t e r i n g  technique may be used t o  minimize 
t h e  s u s c e p t i b i l i t y  of t h e  s imula to r  t o  EMI. 
4.4.2.4.3 Suppression. 
F i l t e r i n g ,  a r c  suppres s ion  and o t h e r  a p p r o p r i a t e  techniques may be 
used t o  minimize emission of  EM1 from t h e  s imula to r .  
5.0 P r e p a r a t i o n  f o r  Delivery 
5.1 Packing - The s i m u l a t o r s  shall be overpacked i n  sh ipp ing  con ta ine r s  
which s h a l l  adequately p r o t e c t  each package during o rd ina ry  hand l ing  
and sh ipp ing  and s h a l l  meet the minimum requirements of t h e  carr ier  
hand l ing  and sh ipp ing  f o r  s a f e  t r a n s p o r t a t i o n  a t  t h e  lowest ra te  t o  
t h e  p o i n t  of  d e l i v e r y .  
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5.2 
6.0 
6.1 
6.2 
6 . 3  
6.4 
6.5 
7 .O 
Markin& - 
addres s  of both consignee and consignor,  c o n t r a c t  o r  purchase o r d e r  
number, and the i t e m  p a r t  number. 
and waterproof.  
Shipping con ta ine r s  s h a l l  be marked wi th  the  name and 
A l l  markings s h a l l  be l e g i b l e  
Operat ion and Maintenance Manual - 
f o r  each s imula to r .  The manuals s h a l l  c o n t a i n  at least  t h e  follow- 
i n g  information:  
Two manuals s h a l l  be provided 
Operat ing I n s t r u c t i o n s  
Basic  Maintenance and Trouble-Shooting I n s t r u c t i o n s  
( Inc lud ing  AGE ope ra t ion )  
Electr ical  Schematics 
P a r t s  L i s t  
C a l i b r a t i o n  I n s t r u c t i o n s  - Manuals 
( Inc lud ing  AGE ope ra t ion )  
Add l t iona l  Information 
Figure 2 con ta ins  the  d e t a i l s  of t h e  Primate Head Connector 
Configurat ion.  
Figure 3 i s  a wi r ing  connect ion t a b l e  which g ives  t h e  d e t a i l s  
of the head cab le  connections and t h e  body cab le  connect ions.  
Figure 4 prov€des a d d i t i o n a l  d e t a i l s  of t he  Body Leads Cable. 
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FIGURE 1: I_- ACTIVE SIMULATOR ELECTRICAL REQUIREMENTS 
SIGNAL PRIMATE WAVEFORM 
TYPE & EQUIVALENT P-P OUTPUT FREQUENCIES (+lo% MAX. NOISE 
QUANTITY CIRCUIT ANPLITUDES I N  HZ (+lo%) d i s t o r t i o n )  (P-P) (+a 
EEG 
10 ea. 
+ 
80 i 5pV 
500 - 2 5 p V  
100 I: -r 5 %  output  10 '+ l p V  
I 5 5 8 3 4 - K  < EOG 5 5 8 3 4 - A  D 4 2 1 -  100 -t 1 0 p V  
500 % 5OpV 
5000 f 2 5 0 p V  f 5 %  
I EOG D 4 2 0 -  
f 5 %  55834-5 
EMG 
2 ea. 
4- 100 3 10IJ.v 
output  1000 - 501~V 
50K* 5 %  5000 2 250pV - 
5 5 8 3 3 - K  
GSR 
1 ea. 
Rx: -
100 K R $ 1% 
750 K df + 1% 
1.2 Ha - 1% 
-4 
D.C. c i r c u i t  i s o l a t i o n  i s  g r e a t e r  
the= 5(! 1*2 f r ~ ~  GI?groiiiids. 
0.5 
3 .O 
35.0 
0.5 
3.0 
35.0 
0.5 
3.0 
35.0 
N /A 
N /A 
s INE 
SINE 
S I N E  
N/A 
N/A 
2.5pV 
25 pV 
4 crv 
30 )IV 
30 pV 
250 WV 
30 pV 
50 pV 
250 PV 
L -.-__..__ 4 
D.C. c i r c u i t  i s o l a t i o n  i s  g rea t e r  
than 50 M f r o m  a l l  grounds. 
2- Note: 
~ measured a t  500 Vol t s .  
I n s u l a t i o n  r e s i s t a n c e  f o r  a l i  s i g n a l  paths t o  case  ground i s  50 M when 
~ 
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I FIGURE 1 (Cont'd.): . ACTIVE SIMULATOR ELECTRICAL REQUIREI$ES_ 
ZPG 
1 ea, 
SIGNAL PRIMATE WAVEFORM ALLOWABLE 
TYPE & EQUIVALENT P-P OUTPUT FREQUENCIES (2 10% MAX. NOISE 
QUANTITY CIRCUIT AMPLITUDES IN HZ (+lo%) distortion) (P-P)(+ 5% 
I 
.B 
Rz: 28% -
- R  
BLOOD 
6 ea. 
PRESSURE 
OUTPUT (about 
0 *5% 
A 
VOLTAGE 
7; 0 * 1 ~ ~ 1 0 ~ ~  o - l o f i t  2% N/A 
0 - 20 a- 2% 
(about 
DC circuit isolation 
greater than 50 M from 
all grounds 
for points A and B is 
0 t o  3 
& O.lpfflO% 
k 0 
1 v  
rnV 
N/A 
s INE 5 OcrV 
5 OpV 
20@V 
NOTE: Insulation resistance for a l l  eignal path8 t o  case ground is 50M -
when measured a t  500 Volts. 
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FIGURE 1 (CONT'D): ACTIVE PRIMATE SIMULATOR REQUIREMENTS 
WAVEFORM ALLOWABLE 
P-P OUTPUT FREQUENCIES (+lo% MAX. NOISE 
AMPLITUDES I N  HZ (210%) d-rs tor t ion)  (P-P) (25%) 
R c  : -
40K k 1% 
80K 2 1% 
03 
D.C. only D.C. 
Note 1: 
The ZPG, EKG, and Blood P res su re  c i r c u i t s  s h a l l  be a t t a c h e d ,  v i a  a t h r e e - f o o t  
s h i e l d e d  c a b l e ,  t o  P5781 and P5782 pe r  Drawing A-12766. 
Note 2 :  
Allowable D.C. common mode o r  d i f f e r e n t i a l  o f f s e t  v o l t a g e s  f o r  t h e  v o l t a g e  
g e n e r a t i n g  c i r c u i t s  s h a l l  be less than one v o l t .  No common mode o r  d i f f e r e n -  
t i a l  o f f s e t  v o l t a g e s  s h a l l  be p re sen t  on t h e  v a r i a b l e  impedance c i r c u i t s .  
Note 3: 
I n s u l a t i o n  resistance between a l l  conductors and t h e  case w i l l  be 50 Megohms 
o r  g r e a t e r ,  when measured a t  500 Volts.  
Note 4 :  
For blood p r e s s u r e ,  supply vo l t age  across  t h e  (+) and (-) t e rmina l s  w i l l  be 
11 V DC 2 10% w i t h  no g r e a t e r  t han  0.6 Volts peak-to-peak no i se .  Input  i m -  
pedance of s i g n a l  source w i l l  be  3.5K ohms 2 10%. 
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FIGURE 2 
PRIMATE HEAD CONNECTOR CONFIGURATION 
Pron t (lorn.) 
0.63 Rad 
Conn. B I Conn. A 
0.33 Rad. 
#6-32 NC ( t y p . )  
\ I Winchester 
1198 
0.75 
4Q.25 
Conn. C - 
7- J5833 -7 
MICRODOT J R . a r  -
31-50 
55836 
(For Information Only) 
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FIGURE 3 * 
HEAD IMPLANT AND COUCH WIRE SIGNALS 
, Signal  Connector 
EEGl 0410 
I 
EEG3 D412 
EEG5 D414 
EEG2 D411 
i 
EEG4 D413 
EEG6 D415 
EEG8 D417 
EEG7 D416 
EBG9 D418 
EEGlO D419 
Ground for a l l  
s i g n a l s  except  
EOG I s 
E O G ~  ~ 4 2 1  
EOGl D420 
Common f o r  Em’s 55852 
Temp 1-D400 5 54 
554 
(For Information Only) 
55834 
55834 
55834 
55834 
55834 
55834 
55832 
55832 
55832 
55832 
55832 
55832 
55833 
55832 
55832 
55833 
55833 
55833 
55833 
55833 
55834 
35833 
55834 
55834 
P in  
B 
C 
D 
E 
F 
H 
A 
5 
B 
C 
D 
E 
E 
H 
F 
F 
A 
D 
B 
C 
K 
K 
-
A 
J 
K 
A 
B 
(continued) 
S Lgna 1 Connector - Pin  
EMGl D424 55833 H 
55833 5 
EMG2 D426 5835(555) A 
5835(f55) B 
Temp.2 D401 5835(555) C 
5835(JJ5) D 
G SR- D42 8 5835(555) E 
5835(555) F 
A l l  Shields  5835(JJ5) H 
(A,B,E and F) 
-See Figure 1 ,  Note 1 
EKG D409 ( P W  16 
ZPG D423 (fP7) 16 
Note 1: 
The s h i e l d s  of coax ia l  cab les  
numbered 5835(A,B,E an6 3) 
t oge the r  a t  58358. The s h i e l d s  can be 
e i t h e r  case grounded or e x t e r n a l l y  
grounded (through a w i r e  coming ou t  
t h e  s i d e  of t h e  case along wi th  the  
Blood P res su re  cables .  @e. Drwg.GTS-9010) 
a r e  t i e d  
Note 2 :  
The body lead cables  5835(A t o  F, 
i n c l . )  w i l l  terminate  i n  an  Amphenol 
165-12-TY AN connector mounted on the  
left s i d e  of t h e  s imula tor .  (See Drwg.GTS-9010) 
Note 3:  
(A,B,E, and F)  w i l l  be 1-foot  long and 
terminated a t  one end i n  Deutsch 1841-1 
5620 connectors.  5835-C C D w i l l  a l s o  
b e l - f o o t  long and w i l l  be terminated i n  
a Microdot 31-34 connector. 
The coax ia l  cable6 numbered 5835 
A- 14 
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FIGURE 3 (Cant d )  : HEAD. IMPLANT AND COUCH WIRE SIGNALS 
Note 3 (Con t ' d l :  
The s h i e l d  5835-D w i l l  be c a r r i e d  
through t h e  connector.  The o t h e r  
end of cables  5835 w i l l  be terminated 
i n  an Amphenol 165-9-TY AN wi th  c o r r e -  
sponding p i n  l e t t e r s .  The s h i e l d s  of (A,B,E,F) w i l l  
be t i e d  t o  p i n  H of PP5, as p e r  draw- 
i n g  GTS-9010. (See Fig.  4 )  
Note 4: 
cables  and the  2EKG/ZPG cab le s  (5835 H 
and J) w i l l  be connected t o  Deutsch 
cannectors through a 3 - f O O t  c ab le  as 
i l l u s t r a t e d  i n  Drawing No. A12766-R-C, 
USC Experiment In t e rconnec t  Diagram, I' 
and GTS-9010, Connector Diagram: 
A c t i v e  Primate Simulator.  These 
cables  w i l l  be brought out  through the  
l e f t -hand  s u r f a c e  of t he  a c t i v e  pr imate  
s imula to r  c a s e ;  and the cab le  e x i t  
ho le s  w i l l  be loca t ed  a t  t h e  approxi-  
mate c e n t e r  of t h i s  4 inch x 16 inch 
su r face .  
The 24 blood p res su re  t r ansduce r  
II 
A- 15 
a. 
I 
b ,  
C. 
d .  
e. 
f .  
8 .  
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GENERAL COMMENTS 
Simple AGE equipment w i l l  be provided So t h a t  t h e  a c t i v e  s imula to r  can be 
qu ick ly  and z a e i l y  checked out, 
I n d l c a t o r  lamps drawing no more than 8 ma. w i l l  be  provided f a r  power on 
and charge cyc le  i n d i c a t i o n s .  
The "Power On" switch and the  "Charge Cycle" switch w i l l  be in t e r locked  s o  
t h a t  t h e  power t o  t h e  s imula to r  w i l l  be a u t o m a t i c a l l y  i n t e r r u p t e d  du r ing  
t h e  charging process.  
All e x t e r n a l  cab le  w i l l  be  Microdot 250-3804 c o a x i a l  cable .  
A b a t t e r y  t e s t  switch and b a t t e r y  meter w i l l  be provided wi th  t h e  act ive 
s imu la t o r .  
A p lug- in  b a t t e r y  charger  w i l l  be  provided wi th  t h e  AGE systemd 
A t r a n s p a r e n t  see-through door wi th  a n  e l e t t r o s t a t i c  s h i e l d i n g  e f f i c i e n c y  
of 65% of t h a t  of aluminum w i l l  b e  provided s o  t h a t ,  once t h e  c o n t r o l s  are 
se t ,  a c c i d e n t a l  changes t o  t h e  c o n t r o l s  w i l l  be e l imina ted .  The s h i e l d e d  
t r a n s p a r e n t  door w i l l  a l s o  provide a d d i t i o n a l  s h i e l d i n g  f o r  t h e  switches 
and c o n t r o l s  mounted on t h e  f r o n t  panel. 
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NOTES: 
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ARE "MICRODOT" 2 S O - 1 8 0 4  OR 250 - 3 8 2 3  TERMINALS 
SHIELDED CABLE. 
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BATTERY A N 0  REGULATOR RESPECTIVELY 
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